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NOVEL ACYL COA:CHOLESTEROL ACYLTRANSFERASE (ACAT-2) 



ACKNOWLEDGMENT OF GOVERN\fHNT SUPPORT 
5 This invention was made with Government support under Grant Nos. RO 1 

52069 and ROl 57170 awarded by the National Institute of Health and support from 
the Veteran's Administration. The Government has certain rights in this invention. 

CROSS REFERENCE TO RELATED APPT JCATTONS 
10 Pursuant to 35 U.S.C. § 1 1 9 (e), this application claims priority to the fihng 

date of the United States Provisional Patent Application Serial No. 60/090,354 fded 
June 23, 1998, the disclosure of which is herein incorporated by reference. 

INTRODUCTION 

15 Fi^ld of the Invention 

The field of the invention is enzymes, particularly acyltransferases. 
Background of the Invention 

The ability to synthesize sterol esters is fundamental to most eukaryotic cells. 
Sterol esterification is thought to participate in the maintenance of cell membrane 

20 sterols at levels optimal for normal cell function. In mammalian cells, cholesterol 
esterification is catalyzed by the enzyme acyl CoAxholesterol acyltransferase (E.C. 
2.3.1 .26, AC AT). AC AT activity has been implicated in a number of physiologic 
processes. In the small intestme, ACAT has been proposed to play a role in cholesterol ' 
absorption by maintaining a fiw cholesterol difiusion gradient across the enterocyte 
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surface through the intracellular formation of cholesterol esters. Cholesterol ester 
formation by ACAT has also been hypothesized to be important for the assembly and 
secretion of apolipoprotein B-containing lipoproteins in the intestine and the liver. In 
the adrenal glands and other steroidogenic tissues, ACAT synthesizes cholesterol 
5 esters that accumulate in cytosolic droplets where they can serve as cholesterol 
substrate stores for steroidogenesis. In macrophages, ACAT generates intracellular 
cholesterol esters that are stored as cytosolic lipid droplets, a characteristic feature of 
macrophage foam cells in atherosclerotic lesions. 

Recent evidence has suggested that more than one ACAT exists in mammals. 

10 A human ACAT cDNA was first identified firom a macrophage cDNA library. The 
disruption of the mouse homolog of this ACAT gene (Acact) yielded viable, ACAT- 
deficient (AcacC' ) mice that were characterized by tissue-specific reductions in 
cholesterol esters. Cholesterol ester stores were markedly reduced in adrenal cortices 
and cultured peritoneal macrophages; however, substantial levels of ACAT activity 

15 were present in Acact^' livers, and intestinal cholesterol absorption was normal, 

indicating that another ACAT enzyme was active in these tissues. Studies examining 
the tissue distribution of Acact mRNA expression also supported the hypothesis that 
more than one ACAT exists, as did previous biochemical and ACAT inhibitor studies 
showing differences between liver and aorta/macrophage ACAT activities. The above 

20 results indicate that a second ACAT enzyme contributes to cholesterol esterification 
activity in the liver and small intestine. 

As such, there is much interest in the identification, isolation and 
characterization of this putative second ACAT enzyme. 
Relevant Literature 

25 U.S. Patent No. 5,484,727 reports the cloning of the Human ACAT-1 gene. 

Farese, "Acyl CoAxholesterol acyltransferase genes and knockout 
mice,"Curr Opin Lipidol (1998 Apr) 9(2):1 19-123, provides a review of the current 
knowledge of ACAT genes. 

ACAT-1 is described in Goodman, D.S., Physiol. Rev. (1965) 45: 747-839; 
30 Suckling & Strange, J. Lipids Res. (1985) 26:647-671 and Chang et al., Annu. Rev. 
Biochem. (1997) 66: 613-638; Meiner et al., "Disn^tion of the acyl-CoA:cholesterol 
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acyltransferase gene in mice: evidence suggesting multiple cholesterol esterification 
enzymes in mammals " Proc Natl Acad Sci U S A (1996 Nov 26) 
93(24): 14041-14046; Meiner et al., "Tissue expression studies on the mouse 
acyl-CoArcholesterol acyltransferase gene (Acact): findings supporting the existence 
5 of multiple cholesterol esterification enzymes in mice "J Lipid Res (1 997 Sep) 
38(9): 1928-1933; Erickson et al., "Acyl-coenzyme A:cholesterol acyltransferase in 
human liver. In vitro detection and some characteristics of the enzyme/TVletabolism 
(1980, Oct)29(10):991-996; Tabas et al., "Acyl coenzyme A:cholesterol acyl 
transferase in macrophages utilizes a cellular pool of cholesterol oxidase-accessible 

10 cholesterol as substrate,"! Biol Chem (1988 Jan 25) 263(3): 1266-1272; and Uehnen et 
al., "Tissue-specific expression and cholesterol regulation of acylcoenzyme 
A:cholesterol acyltransferase (ACAT) in mice. Molecular cloning of mouse ACAT 
cDNA, chromosomal localization, and regulation of ACAT in vivo and in vitro," J 
Biol Chem (1995 Nov 3) 270(44):26192-2620I. 

1 5 The role of ACAT in various biological processes is discussed in: Field et al„ 

Gastroenterology (1990) 99:539-551; Wilson et al., J. Lipid Res. (1994) 35:943-955; 
Dixon & Ginsberg, Annu, Rev. Biochem. (1993) 34:167-179; Brown & Goldstein, 
Annu. Rev. Biochem. (1983) 52:223-261. 

20 SUMMARY OF THE rNVFNTTON 

Nucleic acid compositions encoding novel polypeptide products with acyl 
CoA:cholesterol acyltransferase activity, as well as the polypeptide products (ACAT- 
2) encoded thereby and methods for producing the same, are provided. The subject 
polypeptide and nucleic acid compositions find use in a variety of applications, 

25 including research, diagnostic, and tiierapeutic agent screening applications, as well as 
in therapeutic applications. 

DETAILHD DKSrRTPTTn N OF THK TNVFMTTniM 
Nucleic acid compositions encoding novel polypeptide products with acyl 
30 CoA:cholesteroI acyltransferase activity, as well as the polypeptide products (ACAT- 
2) encoded tiiereby and methods for producing die same, are provided. The subject 
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polypeptide and/or nucleic acid compositions find use in a variety of different 
applications, including research, diagnostic, and therapeutic agent screening/ 
discovery/ preparation applications, as well as in the treatment disease conditions 
associated with ACAT-2 activity. 

5 

Before the subject invention is further described, it is to be understood that the 
invention is not limited to the particular embodiments of the invention described 
below, as variations of the particular embodiments may be made and still fall within 
the scope of the appended claims. It is also to be understood that the terminology 
10 employed is for the purpose of describmg particular embodiments, and is not intended 
to be limiting. Instead, the scope of the present invention will be established by the 
appended claims. 

In this specification and the appended claims, the singular forms "a," "an," and 
1 5 "the" include plural reference unless the context clearly dictates otherwise. Unless 
defined otherwise, all technical and scientific terms used herein have the same 
meaning as commonly understood to one of ordinary skill in the art to which this 
invention belongs. 

20 Nucleic Acid Compositions 

Nucleic acid compositions encoding polypeptide products (hereinafter ACAT- 
2 and described in greater detail below), as well as fragments thereof, are provided. By 
nucleic acid composition is meant a composition comprising a sequence of DNA 

25 having an open reading frame that encodes an ACAT-2 polypeptide, i.e. a gene 

encodmg a polypeptide having ACAT activity, where the encoded polypeptide is not 
ACAT-1 as disclosed in U.S. Patent No. 5,484,727, the disclosure of which is herein 
incorporated by reference, and is capable, under appropriate conditions, of being 
expressed as an ACAT-2 polypeptide. Also encompassed in this term are nucleic acids 

30 that are homologous, substantially similar or identical to the nucleic acids encoding 
ACAT-2 polypeptides or proteins. Thus, the subject invention provides genes 
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encoding mammalian ACAT-2, such as genes encoding human ACAT-2 and 
homologs thereof and mouse Acat-2 and homologs thereof. 

The coding sequence of the mouse Acai'2 gene, i.e. the mouse cDNA encoding 
the mouse Acat-2 enzyme, has the nucleic acid sequence identified as SEQ ID NO:01, 
5 infra. Acat-2 maps to mouse chromosome 15. The coding sequence of the human 
ACAT'2 gene, i.e. the human cDNA encoding the human ACAT-2 enzyme, has the 
nucleic acid sequence identified as SEQ ID NO:02, infra. Of interest in many 
embodiments is a nucleic acid (or the complement thereof) that hybridizes with either 
SEQ ID NO.Ol or SEQ ID NO. 01 under stringent conditions. 

1 0 The source of homologous genes to those specifically listed above may be any 

manunalian species, e.g., primate species, particularly human; rodents, such as rats and 
mice, canines, felines, bovines, ovines, equines, yeast, nematodes, etc. Between 
mammalian species, e.g., human and mouse, homologs have substantial sequence 
similarity, e,g, at least 75% sequence identity, usually at least 90%, more usually at 

1 5 least 95% between nucleotide sequences. Sequence similarity is calculated based on a 
reference sequence, which may be a subset of a larger sequence, such as a conserved 
motif, coding region, flankmg region, etc. A reference sequence will usually be at least 
about 1 8 nt long, more usually at least about 30 nt long, and may extend to the 
complete sequence that is being compared. Algorithms for sequence analysis are 

20 known in the art, such as BLAST, described in Altschul et al (1990), J. MoL Biol 
215:403-10, etc. Unless specified otherwise, all sequence identity values provided 
herein are determined using GCG (Genetics Computer Group, Wisconsin Package, 
Standard Settings, gap creation penalty 3.0, gap extension penalty 0. 1). The sequences 
provided herein are essential for recognizmg ACAT-2 related and homologous 

25 polynucleotides in database searches. 

Nucleic acids encoding the ACAT-2 proteins and ACAT-2 polypeptides of the 
subject invention may be cDNAs or genomic DNAs, as well as fragments thereof 
The term "'ACAT-2' gene" shall be intended to mean the open reading frame encoding 
specific ACAT-2 proteins and polypeptides, and ACAT-2 introns, as well as adjacent 

30 5' and 3' non-coding nucleotide sequences involved m the regulation of expression, up 
to about 20 kb beyond the coding region, but possibly fiirther in either direction. The 
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gene may be introduced into an appropriate vector for extrachromosomal maintenance 
or for integration into a host genome. 

The term "cDNA" as used herein is intended to include all nucleic acids that 
share the arrangement of sequence elements found in native mature mRNA species, 
5 where sequence elements are exons and 3' and 5' non-coding regions. Normally 
mRNA species have contiguous exons, with the intervening introns, when present, 
being removed by nuclear RNA splicing, to create a continuous open reading frame 
encoding an ACAT-2 protein. 

A genomic sequence of interest comprises the nucleic acid present between the 

10 initiation codon and the stop codon, as defined in the listed sequences, including all of 
the introns that are normally present in a native chromosome. It may further include 
the 3' and 5' untranslated regions found in the mature mRNA. It may further include 
specific transcriptional and translational regulatory sequences, such as promoters, 
enhancers, etc, mcluding about 1 kb, but possibly more, of flanking genomic DNA at 

1 5 either the 5 ' or 3 ' end of the transcribed region. The genomic DNA may be isolated as 
a fragment of 100 kbp or smaller; and substantially free of flanking chromosomal 
sequence. The genomic DNA flanking the coding region, either 3* or 5*, or internal 
regulatory sequences as sometimes found in introns, contains sequences required for 
proper tissue and stage specific expression. 

20 The nucleic acid compositions of the subject invention may encode all or a part 

of the subject ACAT-2 proteins and polypeptides, described in greater detail infra. 
Double or single stranded fragments may be obtained from the DNA sequence by 
chemically synthesizing oligonucleotides in accordance with conventional methods, 
by restriction enzyme digestion, by PGR amplification, etc. For the most part, DNA 

25 fragments will be at least 15 nt, usually at least 18 nt or 25 nt, and may be at least 
about 50 nt. Of interest in certain embodiments are fiagments which encode the N 
terminal portion of the encoded ACAT-2 protein, as described in greater detail infra, 
where the N-terminal portion may be at least about the N-tenninal 25, 50, 75, 80, 85, 
90 or 95 residues. Of interest in other embodiments are fragments which encode the C- 

30 terminal portion of the ACAT-2 protein, where the C-termmal portion may be at least 
about the C-terminal 100, 200, 300, 400 or 410 residues. Also of interest are nucleic 
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acids in which the above N and C tenninal encoding fragments flank an additional 
nucleic acid sequence, where this additional nucleic acid sequence may be anywhere 
from 10 to 200, usually from about 50 to 150 and more usually from about 50 to 100 
nucleotides in length. 
5 The ACAT-2 genes of the subject invention are isolated and obtained in 

substantial purity, generally as other than an intact chromosome. Usually, the DNA 
will be obtained substantially free of other nucleic acid sequences that do not include 
an ACAT-2 sequence or fragment thereof, generally being at least about 50%, usually 
at least about 90% pure and are typically "recombinant", Le. flanked by one or more 
1 0 nucleotides with which it is not normally associated on a naturally occurring 
chromosome. 

In addition to the plurality of uses described in greater detail in following 
sections, the subject nucleic acid compositions fmd use in the preparation of all or a 
portion of the ACAT-2 polypeptides, as described below. 

15 

Polypeptide Compositions 

Also provided by the subject invention are polypeptides having ACAT-2 activity, 
i.e. capable of catalyzing the esterification of cholesterol, as well as oxy sterols, with fatty 

20 acyl CoA substrates. In addition to being capable of catalyzing the esterification of 
cholesterol with a fatty acyl CoA substrates, the subject proteins are incapable of 
esterifying, at least to any substantial extent, the following substrates; ethanol, retinol, 
tocopherol, p-sitoserol, lanosterol, vitamins Dl and D2, or diacylglycerol. With respect 
to fatty acyl CoA substrates, the ACAT-2 polypeptides exhibit the following preference: 

25 palmitoyl ^ linoleoyl ^ oleoy 1 ^ arachindonyl. With ACAT-2 polypeptides, linoleoyl and 
pahnitoyl compete with oleoy 1 for incorporation into cholesterol esters, but arachindonyl 
competes less well. In certain in vitro assays (see those reported in the Experimental 
Section, infra), the subject ACAT-2 polypeptides exhibit higher activity with oleoyl than 
with palmitoyl. 

30 The term polyeptide composition as used herein refers to both the full length 

proteins as well as portions or fragments thereof Also included in this term are 
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variations of the naturally occurring proteins, where such variations are homologous or 
substantially similar to the naturally occurring protein, as described in greater detail 
below, be the naturally occurring protein the himian protein, mouse protein, or protein 
from some other species which naturally expresses an ACAT-2 enzyme, usually a 
5 mammalian species. In the following description of the subject invention, the term 
ACAT-2 is used to refer not only to the human form of the enzyme, but also to 
homologs thereof expressed in non-human species, e.g. murine, rat and other 
mammalian species. 

The subject ACAT-2 proteins are, in their natural environment, trans- 

10 membrane proteins. The subject proteins are characterized by the presence of at least 
one potential tyrosine phosphorylation site present in the motif MK-X-H/Y-SF, and 
multiple hydrophobic domains, including 5 to 10, usually 6 to 9 hydrophobic domains 
capable of serving as trans-membrane regions. The proteins range in length from about 
400 to 650, usually from about 475 to 525 and more usually from about 485 to 500 

1 5 amino acid residues, and the projected molecular weight of the subject proteins based 
solely on the number of amino acid residues in the protein ranges from about 50 to 80, 
usually frx)m about 55 to 75 and more usually Scorn about 60 to 65 kDa, where the 
actual molecular weight may vary depending on the amount of glycolsylation, if any, 
of the protein and the apparent molecular weight may be considerably less (40 to 50 

20 kDa) due to SDS binding on gels. 

The amino acid sequences of the subject proteins are characterized by having at 
least some homology to a corresponding ACAT-1 protein from the same species, e.g. a 
human ACAT-2 protein has at least some sequence homology with the human ACAT- 
1 protein, the mouse ACAT-2 protein has at least some sequence homology with the 

25 mouse Acat-1 protein, etc., where the sequence homology will not exceed about 80%, 
and usually will not exceed about 70% and more usually will not exceed about 60%, 
but will be at least about 30% and more usually at least about 40%, as determined 
using GCG (Genetics Computer Group, Wisconsin Package, Standard Settings, gap 
creation penalty 3.0, g^ extension penalty 0.1). 

30 Of particular interest in many embodiments are proteins that are non-naturally 

glycosylated. By non-naturally glycosylated is meant that the protein has a 
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glycosylation pattern, if present, which is not the same as the glycosylation pattern 
found in the corresponding naturally occurring protein. For example, himian ACAT-2 
of the subject invention and of this particular embodiment is characterized by having a 
glycosylation pattern, if it is glycosylated at all, that differs from that of naturally 

5 occurring human ACAT-2. Thus, the non-naturally glycosylated ACAT-2 proteins of 
this embodiment include non-glycosylated ACAT-2 proteins, i.e. proteins having no 
covalently boimd glycosyl groups. 

The activity of the ACAT-2 protein is inhibited by a number of different 
compounds, including non-specific inhibitors, such as PMSF, PHMB and 

0 progesterone, and specific inhibitors, such as PD 132301-2, CI-976 and CI-101 1 . 
ACAT-2 is more sensitive to CI-976 and CM 01 1 than ACAT-1, havmg an IC50 value 
that is typically less than half that observed with ACAT-1 in the presence of the same 
inhibitor. 

Of particular interest in certain embodiments is the mouse ACAT-2 protein, 
5 where the mouse ACAT-2 protein of the subject invention has an amino acid sequence 
that is substantially the same as or identical to the sequence appearing as SEQ ID 
NO:03 infi:a. By substantially the same as is meant a protein having a sequence that 
has at least about 80%, usually at least about 90% and more usually at least about 98% 
sequence identity with the sequence of SED ID NO:03, as measured by GCG, supra, 
0 Of particular interest are proteins encoded by a nucleic acid (or the complement 
thereof) that hybridizes to SEQ ID NO:01 under stringent conditions (defined infra). 

Of particular interest in other embodiments is the human ACAT-2 protein, 
where the human ACAT-2 protein of the subject invention has an amino acid sequence 
that is substantially the same as, or identical to, the sequence appearing as SEQ ID 
5 NO:04, infia. Of particular interest are proteins encoded by a nucleic acid (or the 
complement thereof) that hybridizes to SEQ ID NO:02 under stringent conditions 
(defined infira). 

In addition to the specific ACAT-2 proteins described above, homologs or 
proteins (or Augments thereof) fix)m other species, i.e. other animal or plant species, 
0 are also provided, where such homologs or proteins may be from a variety of different 
types of species, usually manunals, e.g. rodents, such as mice, rats; domestic animals, 
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e.g. horse, cow, dog, cat; and humans. By homolog is meant a protein having at least 
about 35 %, usually at least about 40% and more usually at least about 60 % amino 
acid sequence identity the specific ACAT-2 proteins as identified in SEQ ID NOS: 04 
to 06, where sequence identity is determined using the GCG, supra. 
5 The ACAT-2 proteins of the subject invention (e.g. human ACAT-2, mouse 

ACAT-2 or homologs thereof) are present in a non-naturally occurring environment, 
e.g. are separated from their naturally occurring environment. In certain embodiments, 
the subject ACAT-2 protein is present in a composition that is enriched for ACAT-2 as 
compared to ACAT-2 in its naturally occurring environment As such, purified ACAT- 

10 2 is provided, where by purified is meant that ACAT-2 is present in a composition that 
is substantially free of non ACAT-2 proteins, v^ere by substantially free is meant that 
less than 90 %, usually less than 60 % and more usually less than 50 % of the 
composition is made up of non-ACAT-2 proteins. 

In certain embodiments of interest, the ACAT-2 protein is present in a 

1 5 composition that is substantially free of the constituents that are present in its naturally 
occurring environment For example, a human ACAT-2 protein comprising 
composition according to the subject invention in this embodiment will be 
substantially, if not completely, free of those other biological constituents, such as 
proteins, carbohydrates, lipids, etc., wdth which it is present in its natural environment 

20 As such, protein compositions of these embodiments vydll necessarily differ from those 
that are prepared by purifying the protein from a naturally occurring source, where at 
least trace amounts of the protein's constituents will still be present in the composition 
prepared fix^m the naturally occurring source. 

The ACAT-2 of the subject invention may also be present as an isolate, by 

25 \^ch is meant that the ACAT-2 is substantially bee of both non-ACAT-2 proteins 
and other naturally occurring biologic molecules, such as oligosaccharides, 
polynucleotides and Augments thereof, and the like, where substantially fiw in this 
instance means that less than 70 %, usually less than 60% and more usually less than 
50 % of the composition containing the isolated ACAT-2 is a non-ACAT-2 naturally 

30 occurring biological molecule. In certain embodiments, the ACAT-2 is present in 
substantially pure form, where by substantially pure form is meant at least 95%, 
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usually at least 97% and more usually at least 99% pure. 

In addition to the naturally occurring ACAT-2 proteins, ACAT-2 polypeptides 
which vary from the naturally occurring ACAT-2 proteins are also provided. By 
ACAT-2 polypeptides is meant proteins having an amino acid sequence encoded by an 

5 open reading frame (ORF) of an ACA T-2 gene, described supra, including the full 
length ACAT-2 protein and fragments thereof, particularly biologically active 
fragments and/or fragments corresponding to functional domains; and including 
fusions of the subject polypeptides to other proteins or parts thereof. Fragments of 
interest will typically be at least about 1 0 aa in length, usually at least about 50 aa in 

0 length, and may be as long as 300 aa in length or longer, but will usually not exceed 
about 1000 aa in length, where the fragment will have a stretch of amino acids that is 
identical to an ACAT-2 protein of SEQ ID NO:03 or SEQ ID NO:04, or a homolog 
thereof; of at least about 10 aa, and usually at least about 15 aa, and in many 
embodiments at least about 50 aa in length. In certain embodiments, N-terminal 

5 fragments of the ACAT-2 protein are of interest, e.g. fragments of the N-terminal 25, 
50, 75, 80, 85, 90 or 95 residues. Of interest in other embodiments are fragments the 
C-terminal portion of the ACAT-2 protein, where the C-terminal portion may be at 
least about the C-terminal 100, 200, 300, 400 or 410 residues. Also of interest are 
fusion proteins of at least one of, or both of, the above C and N terminal fragments 

0 with an additional polypeptide sequence. In certain embodiments, of interest is a 
fusion protein in which the above N and C terminal fragments flank an additional 
sequence, where this additional sequence may be anywhere from about 3 to 75, usually 
from about 10 to 50 and more usually from about 10 to 30 residues in length. 

5 

Preparation of ACAT-2 Polypeptides 

The subject ACAT-2 proteins and polypeptides may be obtained from naturally 
occurring sources, but are preferably synthetically produced. Where obtained from 
0 naturally occurring sources, the source chosen will generally depend on the species 
from which the ACAT-2 is to be derived. 
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The subject ACAT-2 polypeptide compositions may be synthetically derived 
by expressing a recombinant gene encoding ACAT-2, such as the polynucleotide 
compositions described above, in a suitable host. For expression, an expression 
cassette may be employed. The expression vector will provide a transcriptional and 
5 translational initiation region, which may be inducible or constitutive, where the 

coding region is operably linked under the transcriptional control of the transcriptional 
initiation region, and a transcriptional and translational termination region. These 
control regions may be native to an ACAT-2 gene, or may be derived from exogenous 
sources. 

1 0 Expression vectors generally have convenient restriction sites located near the 

promoter sequence to provide for the insertion of nucleic acid sequences encoding 
heterologous proteins. A selectable marker operative in the expression host may be 
present Expression vectors may be used for the production of fusion proteins, where 
the exogenous fiision peptide provides additional functionality, i.e. increased protein 

1 5 synthesis, stability, reactivity with defined antisera, an enzyme marker, e.g. 
-galactosidase, etc. 

Expression cassettes may be prepared comprising a transcription initiation 
region, the gene or frz^ment thereof, and a transcriptional termination region. Of 
particular interest is the use of sequences that allow for the expression of functional 

20 epitopes or domains, usually at least about 8 amino acids in length, more usually at 
least about 1 5 amino acids in length, to about 25 amino acids, and up to the complete 
open reading frame of the gene. After introduction of the DNA, the cells containing 
the construct may be selected by means of a selectable marker, the cells expanded and 
then used for expression. 

25 ACAT-2 proteins and polypeptides may be expressed in prokaryotes or 

eukaryotes in accordance with conventional ways, depending upon the purpose for 
expression. For large scale production of the protein, a unicellular organism, such as 
£ colU B. subtilis, S. cerevisiae^ insect cells in combination with baculovirus vectors, 
or cells of a higher organism such as vertebrates, particularly mammals, e.g, COS 7 

30 cells, may be used as the expression host cells. In some situations, it is desirable to 
express the ACAT'2 gene in eukaryotic cells, where the ACAT-2 protein will benefit 
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from native folding and post-translational modifications. Small peptides can also be 
synthesized in the laboratory. Polypeptides that are subsets of the complete ACAT-2 
sequence may be used to identify and investigate parts of the protein important for 
fimction. 

5 Once the source of the protein is identified and/or prepared, e.g. a ttansfected 

host expressing the protein is prepared, the protein is then purified to produce the 
desired ACAT-2 comprising composition. Any convenient protein purification 
procedures may be employed, where suitable protein purification methodologies are 
described in Guide to Protein Purification, (Deuthser ed.) (Academic Press, 1990). 
10 For example, a lysate may be prepared from the original source, e.g. naturally 
occurring cells or tissues that express ACAT-2 or the expression host expressing 
ACAT-2, and purified using HPLC, exclusion chromatography, gel electrophoresis, 
affinity chromatography, and the like. 

1 5 Uses of the Subject ACAT-2 Polypeptide and Nucleic Acid Compositions 

The subject polypeptide and nucleic acid compositions find use in a variety of 
different applications, including research, diagnostic, and therapeutic agent 
screening/discovery/preparation applications, as well as the treatment of disease 
20 conditions associated with ACAT-2 activity. 

Research Applications 

The subject nucleic acid compositions find use in a variety of research 
25 applications. Research applications of mterest include: (a) the identification of ACAT-2 
homologs; (b) as a source of novel promoter elements; (c) the identification of ACAT- 
2 expression regulatory factors; (d) as probes and primers in hybridization 
applications, e.g. PCR; (e) the identification of expression patterns in biological 
specimens; (f) the preparation of cell or animal models for ACAT-2 function; (g) the 
30 preparation of in vitro models for ACAT-2 fimction; etc. 
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Identification of i4C4 7-2 homologs 

Homologs of ACAT-2 are identified by any of a number of methods. A 
fragment of the provided cDNA may be used as a hybridization probe against a cDNA 
5 library from the target organism of interest, where low stringency conditions are used. 
The probe may be a large Augment, or one or more short degenerate primers. Nucleic 
acids having sequence similarity are detected by hybridization under low stringency 
conditions, for example, at 50°C and 6xSSC (0.9 M sodium chloride/0.09 M sodium 
citrate) and remain bound when subjected to washing at SS^'C in 1 xSSC (0.15 M 

1 0 sodium chloride/0.0 1 5 M sodium citrate). Sequence identity may be determined by 
hybridization under stringent conditions, for example, at 50°C or higher and 0. 1 xSSC 
(15 mM sodiimi chloride/01.5 mM sodium citrate). Nucleic acids having a region of 
substantial identity to the provided ACAT-2 sequences, e.g. allelic variants, genetically 
altered versions of the gene, etc., bind to the provided ACAT'2 sequences under 

15 stringent hybridization conditions. By using probes, particularly labeled probes of 
DNA sequences, one can isolate homologous or related genes. 

Identification of Novel Promoter Elements 

20 The sequence of the 5' flanking region may be utilized for promoter elements, 

including enhancer binding sites, that provide for regulation in tissues where ACAT-2 
is expressed. The tissue specific expression is useful for determining the pattern of 
expression, and for providing promoters that mimic the native pattern of expression. 
Naturally occurring polymorphisms in the promoter region are useful for determming 

25 natural variations in expression, particularly those that may be associated with disease. 

Identification of ACAT-2 Expression Regulatory Factors 

Alternatively, mutations may be introduced into the promoter region to 
30 determine the effect of altering expression in experimentally defined systems. 
Methods for the identification of specific DNA motifs iiivolved in the binding of 
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transcriptional factors are known in the art, e.g. sequence similarity to known binding 
motifs, gel retardation studies, etc. For examples, see Blackwell et ai (1995), Mol 
Med. 1:194-205; Mortlock et ai (1996), Genome Res, 6:327-33; and Joulin and 
Richard-Foy (1995), Eur. 1 Biochent 232:620-626. 
5 The regulatory sequences may be used to identify cis acting sequences required 

for transcriptional or translational regulation of ACAT-2 expression, especially in 
different tissues or stages of development, and to identify cis acting sequences and 
trans-acting factors that regulate or mediate ACAT-2 expression. Such transcription or 
translational control regions may be operably linked to an ACAT-2 gene in order to 
1 0 promote expression of wild type or altered ACAT-2 or other proteins of interest in 
cultured cells, or in embryonic, fetal or adult tissues, and for gene therapy. 

Probes and Primers 

1 5 Small DNA fragments are useful as primers for PGR, hybridization screening 

probes, etc. Larger DNA fragments, i.e, greater tiian 1 00 nt are usefiU for production 
of the encoded polypeptide, as described in the previous section. For use in 
amplification reactions, such as PGR, a pair of primers will be used. The exact 
composition of the primer sequences is not critical to the invention, but for most 

20 applications tiie primers will hybridize to the subject sequence under stringent 

conditions, as known in the art It is preferable to choose a pair of primers that will 
generate an amplification product of at least about 50 nt, preferably at least about 
100 nt. Algorithms for tiie selection of primer sequences are generally known, and are 
available in conmiercial software packages. Amplification primers hybridize to 

25 complementary strands of DNA, and will prime towaids each other. 

Identification of Expression Patterns in Biological Specimens 

The DNA may also be used to identify expression of the gene in a biological 
30 specimen. The manner in vMch one probes cells for the presence of particular 

nucleotide sequences, as genomic DNA or RNA, is well established in the literature. 
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Briefly, DNA or mRNA is isolated from a cell sample. The mRNA may be amplified 
by RT-PCR, using reverse transcriptase to form a complementary DNA strand, 
followed by polymerase chain reaction amplification using primers specific for the 
subject DNA sequences. Alternatively, the mRNA sample is separated by gel 
5 electrophoresis, transferred to a suitable support, e.g. nitrocellulose, nylon, etc, and 
then probed with a fragment of the subject DNA as a probe. Other techniques, such as 
oligonucleotide ligation assays, in situ hybridizations, and hybridization to DNA 
probes arrayed on a solid chip may also find use. Detection of mRNA hybridizing to 
the subject sequence is indicative of ACAT'2 gene expression in the sample. 

10 

The Preparation of AC AT-2 Mutants 

The sequence oimACAT-2 gene, including flanking promoter regions and 
coding regions, may be mutated in various ways known in the art to generate targeted 
changes in promoter strength, sequence of the encoded protein, etc. The DNA 

1 5 sequence or protein product of such a mutation will usually be substantially similar to 
the sequences provided herein, i.e. will differ by at least one nucleotide or amino acid, 
respectively, and may differ by at least two but not more than about ten nucleotides or 
amino acids. The sequence changes may be substitutions, insertions, deletions, or a 
combination thereof. Deletions may further include larger changes, such as deletions 

20 of a domain or exon. Other modifications of interest include epitop>e tagging, e.g. with 
the FLAG system, HA, etc. For studies of subcellular localization, fusion proteins 
with green fluorescent proteins (GFP) may be used. 

Techniques for in vitro mutagenesis of cloned genes are known. Examples of 
protocols for site specific mutagenesis may be found in Gustin et al. (1993), 

25 Biotechniques 14:22; Barany (1 985), Gene 37: 1 1 1-23; Colicelli et al (1985), Mol. 
Gen. Genet. 199:537-9; and Prentki etal. (1984), Gene 29:303-13. Methods for site 
specific mutagenesis can be foimd in Sambrook et al. Molecular Cloning: A 
Laboratory Manual, CSH Press 1989, pp. 15.3-15.108; Weiner c/a/. (1993), Gene 
126:35-41; Sayers et al. (1992), Biotechniques 13:592-6; Jones and Winistorfer 

30 (1992), Biotechniques 12:528-30; Barton etal. (1990), Nucleic Acids Res 18:7349-55; 
Marotti and Tomich (1989), Gene Anal. Tech. 6:67-70; and Zhu (1989), Anal Biochem 
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177:120-4. Such mutated genes may be used to study structure-function relationships 
of ACAT-2, or to alter properties of the protein that affect its function or regulation. 

Production of In Vivo Models of ACAT-2 Function 

5 

The subject nucleic acids can be used to generate transgenic, non-human 
animals or site specific gene modifications in cell lines. Transgenic animals may be 
made through homologous recombination, where the normal Acat-2 locus is altered. 
Alternatively, a nucleic acid construct is randomly integrated into the genome. 

10 Vectors for stable integration include plasmids, retroviruses and other animal viruses, 
YACs, and the like. 

The modified cells or animals are useful in the study of ACAT-l function and 
regulation. For example, a series of small deletions and/or substitutions may be made 
in the host's native ACAT'2 gene to determine the role of different exons in cholesterol 

15 metabolism, e,g. cholesterol ester synthesis, cholesterol absorption, etc. Specific 
constructs of interest include^anti-sense ACATtI^ which will block ACAT-2 ^ 
expression^ expression of dominant negative ACAT'2 mutations, and over-expression 
of ACAT-2 genes. Where an ACAT-2 sequence is introduced, the introduced sequence 
may be either a complete or partial sequence of an ACAT'2 gene native to the host, or 

20 may be a complete or partial ACA T'2 sequence that is exogenous to the host animal, 
e.g.y a human ACAT-2 sequence. A detectable marker, such as lac Z may be 
introduced into the acat-2 locus, where upregulation of ACAT-2 expression will result 
in an easily detected change in phenotype. 

One may also provide for expression of the ACAT'2 gene or variants thereof in 

25 cells or tissues where it is not normally expressed, at levels not normally present in 
such cells or tissues, or at abnormal times of development. 

DNA constructs for homologous recombination will comprise at least a portion 
of the ACAT-2 gene native to the species of the host animal, wherein the gene has the 
desired genetic modification(s), and includes regions of homology to the target locus. 

30 DNA constructs for random integration need not include regions of homology to 

mediate recombination. Conveniently, markers for positive and negative selection are 
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included. Methods for generating cells having targeted gene modifications through 
homologous recombination are known in the art. For various techniques for 
transfecting mammalian cells, see Keown et al (1990), Meth Enzymol. 185:527-537. 
For embryonic stem (ES) cells, an ES cell Ime may be employed, or embryonic 
5 cells may be obtained freshly from a host, e,g, mouse, rat, guinea pig, etc. Such cells 
are grown on an appropriate fibroblast-feeder layer or grown in the presence of 
leukemia inhibiting factor (LIF). When ES or embryonic cells have been transformed, 
they may be used to produce transgenic animals. After transformation, the cells are 
plated onto a feeder layer in an ^jpropriate medium. Cells containing the construct 

10 may be detected by employing a selective medium. After sufficient time for colonies 
to grow, they are picked and analyzed for the occurrence of homologous 
recombination or integration of the construct. Those colonies that are positive may 
then be used for embryo manipulation and blastocyst injection. Blastocysts are 
obtained from 4 to 6 week old superovulated females. The ES cells are trypsinized, 

1 5 and the modified cells are injected into the blastocoel of the blastocyst. After 

injection, the blastocysts are returned to each uterine horn of pseudopregnant females. 
Females are then allowed to go to term and the resulting offspring screened for the 
construct By providing for a different phenotype of the blastocyst and the genetically 
modified cells, chimeric progeny can be readily detected. 

20 The chimeric animals are screened for the presence of the modified gene and 

males and females having the modification are mated to produce homozygous 
progeny. If the gene alterations cause lethality at some point in development, tissues 
or organs can be maintained as allogeneic or congenic grafts or transplants, or in in 
vitro culture. The transgenic animals may be any non-human manmial, such as 

25 laboratory animals, domestic animals, etc. The transgenic animals may be used in 
functional studies, drug screening, e/c, e.g. to determine the effect of a candidate drug 
on ACAT-2 activity. 

Production of In Vitro Models of ACAT-2 Function 

30 

One can also use the polypeptide compositions of the subject invention to 
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produce in vitro models of ACAT-2 function, e.g. the ability to catalyze the 
esterification of cholesterol with a fatty acyl CoA substrate. Such models will 
generally at least include the subject ACAT-2 proteins and ACAT-2 substrates, such 
as cholesterol and fatty acyl CoAs. 

5 

Diagnostic Applications 

Also provided are methods of diagnosing disease states associated with ACAT- 
2 activity, e.g. based on observed levels of ACAT-2 or the expression level of the 

10 ACAT-2 gene m a biological sample of interest. Samples, as used herein, include 
biological fluids such as semen, blood, cerebrospinal fluid, tears, saliva, lymph, 
dialysis fluid and the like; organ or tissue culture derived fluids; and fluids extracted 
fix>m physiological tissues. Also included in the term are derivatives and fractions of 
such fluids. The cells may be dissociated, in the case of solid tissues, or tissue 

1 5 sections may be analyzed. Alternatively a lysate of the cells may be prepared. 

A mmiber of methods are available for determining the expression level of a 
gene or protein in a particular sample. Diagnosis may be performed by a number of 
methods to determine the absence or presence or altered amounts of normal or 
abnormal ACAT-2 in a patient sample. For example, detection may utilize staining of 

20 cells or histological sections with labeled antibodies, performed in accordance with 
conventional methods. Cells are permeabilized to stain cytoplasmic molecules. The 
antibodies of interest are added to the cell sample, and incubated for a period of time 
sufficient to allow binding to the epitope, usually at least about 10 minutes. The 
antibody may be labeled with radioisotopes, enzymes, fluorescers, chemiluminescers, 

25 or other labels for direct detection. Alternatively, a second stage antibody or reagent is 
used to amplify the signal. Such reagents are well known in the art For example, the 
primary antibody may be conjugated to biotin, vnth horseradish peroxidase-conjugated 
avidin added as a second stage reagent. Alternatively, the secondary antibody 
conjugated to a flourescent compound, e,g. fluorescein, rhodamine, Texas red, etc. 

30 Fmal detection uses a substrate that undergoes a color change in the presence of the 
peroxidase. The absence or presence of antibody binding may be determined by 
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various methods, including flow cytometry of dissociated ceils, microscopy, 
radiography, scintillation counting, eta 

Alternatively, one may focus on the expression of ACAT-2, Biochemical 
studies may be performed to determine whether a sequence polymorphism in an 
5 ACAT-2 coding region or control regions is associated with disease. Disease 

associated polymorphisms may include deletion or truncation of the gene, mutations 
that alter expression level, that affect the activity of the protein, etc. 

Changes in the promoter or enhancer sequence that may affect expression 
levels of ACAT-2 can be compared to expression levels of the normal allele by various 
1 0 methods known in the art. Methods for determining promoter or enhancer strength 
include quantitation of the expressed natural protein; insertion of the variant control 
element into a vector with a reporter gene such as p-galactosidase, luciferase, 
chloramphenicol acetyltransferase, etc. that provides for convenient quantitation; and 
the like. 

1 5 A number of methods are available for analyzing nucleic acids for the presence 

of a specific sequence, e.g. a disease associated polymorphism. Where large amounts 
ofDNA are available, genomic DNA is used directly. Alternatively, the region of 
interest is cloned into a suitable vector and grown in sufficient quantity for analysis. 
Cells that express ACAT'2 may be used as a source of mRNA, which may be assayed 

20 directly or reverse transcribed into cDNA for analysis. The nucleic acid may be 

amplified by conventional techniques, such as the polymerase chain reaction (PCR), to 
provide sufficient amounts for analysis. The use of the polymerase chain reaction is 
described in Saiki, et al. (1985), Science 239:487, and a review of techniques may be 
found in Sambrook, et al Molecular Cl oning: A Laboratory Manual, CSH Press 1989, 

25 pp.14.2-14.33. Alternatively, various methods are known in the art that utilize 
oligonucleotide ligation as a means of detecting polymorphisms, for examples see 
Riley et al (1990), Nucl Acids Res. 18:2887-2890; and Delahunty et al (1996), Am, J. 
Hum. Genet. 58:1239-1246. 

A detectable label may be included in an amplification reaction. Suitable 

30 labels include fluorochromes, e.g. fluorescein isothiocyanate (FITC), rhodamine, 
Texas Red, phycoerythrin, allophycocyanin, 6-carboxyfluorescein (6-FAM), 
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2',7'-<limethoxy-4',5'-dichloro-6-carboxyfluorescein (JOE), 6-carboxy-X-rhodamine 
(ROX), 6-caiboxy-2',4',7',4,7.hexachlorofluorescein (HEX), 5-carboxyfluorescein 
(5-FAM) or N,N,N\N'-tetramethyl-6-carboxyrhodamine (TAMRA), radioactive 
labels, "P, "S, 'H; etc. The label may be a two stage system, where the amplified 
5 DNA is conjugated to biotin, haptens, etc, having a high affinity binding partner, e.g. 
avidin, specific antibodies, etc, where the binding partner is conjugated to a detectable 
label. The label may be conjugated to one or both of the primers. Altematively, the 
pool of nucleotides used in the amplification is labeled, so as to incorporate the label 
into the amplification product. 

1 0 The sample nucleic acid, e.g. amplified or cloned Augment, is analyzed by one 

of a number of methods known in the art. The nucleic acid may be sequenced by 
dideoxy or other methods, and the sequence of bases compared to a wild-type ACAT-l 
sequence. Hybridization with the variant sequence may also be used to determme its 
presence, by Southern blots, dot blots, etc. The hybridization pattern of a control and 

1 5 variant sequence to an array of oligonucleotide probes munobilized on a solid support, 
as described in US 5,445,934, or m WO 95/35505, may also be used as a means of 
detecting the presence of variant sequences. Single strand conformational 
polymorphism (SSCP) analysis, denaturing gradient gel electrophoresis (DGGE), and 
heteroduplex analysis in gel matrices are used to detect conformational changes 

20 created by DNA sequence variation as alterations in electrophoretic mobiUty. 
Altematively, where a polymorphism creates or destroys a recognition site for a 
restriction endonuclease, the sample is digested with that endonuclease, and the 
products size fractionated to determine whether the fragment was digested. 
Fractionation is performed by gel or capillary electrophoresis, particularly acrylamide 

25 or agarose gels. 

Screening for mutations 'mACAT-2 may be based on the fimctional or 
antigenic characteristics of the protein. Protein truncation assays are usefiil m 
detecting deletions that may affect the biological activity of the protein. Various 
immunoassays designed to detect polymorphisms in AC AT-2 proteins may be used in 

30 screening. Where many diverse genetic mutations lead to a particular disease 

phenotype, fimctional protein assays have proven to be effective screening tools. The 
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activity of the encoded ACAT-2 protein may be determined by comparison vsdth the 
wild-type protein. 

- Diagnostic methods of the subject invention in which the level of ACAT-2 
expression is of interest will typically involve comparison of \h& ACAT-2 nucleic acid 
5 abundance of a sample of interest with that of a control value to determine any relative 
differences, where the difference may be measured qualitatively and/or quantitatively, 
which differences are then related to the presence or absence of an abnormal ACAT-2 
expression pattern. A variety of different methods for determining the nucleic acid 
abundance in a sample are known to those of skill in the art, where particular methods 

10 of interest include those described in: Pietu et al.. Genome Res. (June 1996) 6: 492- 
503; Zhao et al.. Gene (April 24, 1995) 156: 207-213; Soares , Curr. Opin. Biotechnol. 
(October 1997) 8: 542-546; Raval, J. Pharmacol Toxicol Methods (November 1994) 
32: 125-127; Chalifouretal., Anal. Biochem (February 1, 1994) 216: 299-304; Stolz 
& Tuan, Mol. Biotechnol. (December 19960 6: 225-230; Hong et al.. Bioscience 

15 Reports (1982) 2: 907; and McGraw, Anal. Biochem. (1984) 143: 298. Also of 

interest are the methods disclosed m WO 97/27317, the disclosure of which is herein 
incorporated by reference. 

Screening Assays 

20 

The subject ACAT-2 polypeptides find use in various screening assays 
designed to identify therapeutic agents. The screening methods will typically be assays 
which provide for qualitative/quantitative measurements of enzyme activity in the 
presence of a particular candidate therapeutic agent. For example, the assay could be 

25 an assay which measures the esterification activity of ACAT-2 in the presence and 
absence of a candidate inhibitor agent The screening method may be an in vitro or in 
vivo format, where both formats are readily developed by those of skill in the art 
Depending on the particular method, one or more of, usually one of, the components 
of the screening assay may be labeled, where by labeled is meant that the components 

30 comprise a detectable moiety, e.g. a fluorescent or radioactive tag, or a member of a 
signal producing system, e.g. biotin for binding to an enzyme-streptavidin conjugate in 
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which the enzyme is capable of converting a substrate to a chromogenic product. 

A variety of other reagents may be included in the screening assay. These 
include reagents like salts, neutral proteins, e.g. albumin, detergents, etc that are used 
to facilitate optimal protein-protein binding and/or reduce non-specific or background 
5 interactions. Reagents that improve the efficiency of the assay, such as protease 
inhibitors, nuclease inhibitors, anti-microbial agents, etc. may be used. 

A variety of different candidate agents may be screened by the above methods. 
Candidate agents encompass numerous chemical classes, though typically they are 
organic molecules, preferably small organic compounds having a molecular weight of 

10 more than 50 and less than about 2,500 daltons. Candidate agents comprise functional 
groups necessary for structural interaction with proteins, particularly hydrogen 
bonding, and typically include at least an amine, carbonyl, hydroxyl or carboxyl 
group, preferably at least two of the functional chemical groups. The candidate agents 
often comprise cyclical carbon or heterocyclic structures and/or aromatic or 

1 5 polyaromatic structures substituted with one or more of the above functional groups. 
Candidate agents are also found among biomolecules including peptides, saccharides, 
fatty acids, steroids, purines, pyrimidines, derivatives, structural analogs or 
combinations thereof. 

Candidate agents are obtained fix^m a wide variety of sources including 

20 libraries of synthetic or natural compounds. For example, nxmierous means are 

available for random and directed synthesis of a wide variety of organic compounds 
and biomolecules, including expression of randomized oligonucleotides and 
oligopeptides. Alternatively, libraries of natural compounds in the form of bacterial, 
fungal, plant and animal extracts are available or readily produced. Additionally, 

25 natural or synthetically produced libraries and compounds are readily modified 

through conventional chemical, physical and biochemical means, and may be used to 
produce combinatorial libraries. Known pharmacological agents may be subjected to 
directed or random chemical modifications, such as acylation, alkylation, 
esterification, amidification, etc. to produce structural analogs. 

30 

ACAT-2 Nucleic Acid and Polypeptide Therapeutic Compositions 
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The nucleic acid compositions of the subject invention also find use as 
therapeutic agents in situations where one wishes to enhance ACAT-2 activity in a 
host, e.g. in a mammalian host in which ACAT-2 activty is sufficiently low such that a 
disease condition is present, etc. The^G4r-2 genes, gene firagments, or the encoded 
5 ACAT-2 protein or protein fragments are useful in gene therapy to treat disorders 
associated with ACAT-2 defects. Expression vectors may be used to introduce the 
ACAT-2 gene into a cell. Such vectors generally have convenient restriction sites 
located near the promoter sequence to provide for the insertion of nucleic acid 
sequences. Transcription cassettes may be prepared comprising a transcription 

1 0 initiation region, the target gene or fragment thereof, and a transcriptional termination 
region. The transcription cassettes may be introduced into a variety of vectors, e.g. 
plasmid; retrovirus, e,g. lentivirus; adenovirus; and the like, \^ere the vectors are able 
to transiently or stably be maintained in the cells, usually for a period of at least about 
one day, more usually for a period of at least about several days to several weeks. 

1 5 The gene or ACAT-2 protein may be introduced into tissues or host cells by 

any number of routes, including viral infection, microinjection, or fusion of vesicles. 
Jet injection may also be used for intramuscular administration, as described by Furth 
et al (1992), Anal Biochem 205:365-368. The DNA may be coated onto gold 
microparticles, and delivered intradermally by a particle bombardment device, or 

20 "gene gun" as described in the literature (see, for example. Tang et al (1 992), Nature 
356:152-154), where gold microprojectiles are coated with the DNA, then bombarded 
into skin cells. 



Methods of Modulating ACAT-2 ACTivrrv in a host 

25 

Also provided are methods of regulating, including enhancmg and inhibiting, 
ACAT.2 activity in a host. Where the ACAT-2 activity occurs in vivo in a host, an 
effective amount of active agent that modulates the activity, e.g. reduces the activity, 
of ACAT-2 in vivo, is administered to the host. The active agent may be a variety of 
30 different compounds, includmg a naturally occurring or synthetic small molecule 

compound, an antibody, fragment or derivative thereof, an antisense composition, and 
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the like. 

Naturally occurring or synthetic small molecule compounds of interest include 
numerous chemical classes, though typically they are organic molecules, preferably 
small organic compounds having a molecular weight of more than 50 and less than 
5 about 2,500 daltons. Candidate agents comprise functional groups necessary for 
structural interaction with proteins, particularly hydrogen bonding, and typically 
include at least an amine, carbonyl, hydroxyl or carboxyl group, preferably at least two 
of the functional chemical groups. The candidate agents often comprise cyclical 
carbon or heterocyclic structures and/or aromatic or polyaromatic structures 

1 0 substituted with one or more of the above functional groups. Candidate agents are also 
found among biomolecules includmg peptides, saccharides, fatty acids, steroids, 
purines, pyrimidines, derivatives, structural analogs or combinations thereof 

Also of interest as active agent are antibodies that modulate, e.g. reduce, if not 
inhibit, ACAT-2 activity in the host. Suitable antibodies are obtained by immunizing a 

1 5 host animal with peptides comprising all or a portion of an ACAT-2 protein, such as 
found in the ACAT-2 polypeptide compositions of the subject invention. Suitable host 
ammals include mouse, rat sheep, goat, hamster, rabbit, etc. The origin of the protein 
immunogen may be mouse, human, rat, monkey etc. The host animal will generally be 
a different species than the immunogen, e.g. human ACAT-2 used to immunize mice, 

20 etc. 

The inununogen may comprise the complete protein, or fragments and 
derivatives thereof Preferred immunogens comprise all or a part of ACAT-2, where 
these residues contain the post-translation modifications, such as glycosylation, found 
on the native ACAT-2. Immunogens comprising the extracellular domain are 

25 produced in a variety of ways known in the art, e.g. expression of cloned genes usmg 
conventional recombinant methods, isolation from HEC, etc. 

For preparation of polyclonal antibodies, the first step is immunization of the 
host animal with ACAT-2, where the ACAT-2 will preferably be in substantially pure 
form, comprising less than about 1% contaminant. The inununogen may comprise 

30 complete ACAT-2, fragments or derivatives thereof To increase the immune response 
of the host animal, the ACAT-2 may be combined with an adjuvant, where suitable 
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adjuvants include alum, dextran, sulfate, lai^e polymeric anions, oil& water 
emulsions, e.g. Freund's adjuvant, Freund's complete adjuvant, and the like. The 
ACAT-2 may also be conjugated to synthetic carrier proteins or synthetic antigens. A 
variety of hosts may be inmiunized to produce the polyclonal antibodies. Such hosts 
5 include rabbits, guinea pigs, rodents, e.g. mice, rats, sheep, goats, and the like. The 
ACAT-2 is administered to the host, usually intradermally, with an initial dosage 
followed by one or more, usually at least two, additional booster dosages. Following 
immunization, the blood from the host will be collected, followed by separation of the 
serum from the blood cells. The Ig present in the resultant antiserum may be further 

1 0 fractionated using known methods, such as ammonium salt fractionation, DEAE 
chromatography, and the like. 

Monoclonal antibodies are produced by conventional techniques. Generally, 
the spleen and/or lymph nodes of an inununized host animal provide a source of 
plasma cells. The plasma cells are immortalized by fiision with myeloma cells to 

1 5 produce hybridoma cells. Culture supernatant from individual hybridomas is screened 
using standard techniques to identify those producing antibodies with the desired ' 
specificity. Suitable animals for production of monoclonal antibodies to the human 
protein include mouse, rat, hamster, etc. To raise antibodies against the mouse 
protein, the animal will generally be a hamster, guinea pig, rabbit, etc. The antibody 

20 may be purified from the hybridoma cell supematants or ascites fluid by conventional 
techniques, e.g. afiBnity chromatogr^hy using ACAT-2 bound to an insoluble support, 
protein A sepharose, etc. 

The antibody may be produced as a single chain, instead of the normal 
multimeric structure. Single chain antibodies are described in Jost et al (1994) J.B.C. 

25 269:26267-73, and others. DNA sequences encoding the variable region of the heavy 
chain and the variable region of the light chain are ligated to a spacer encoding at least 
about 4 amino acids of small neutral amino acids, including glycine and/or serine. The 
protein encoded by this fusion allows assembly of a functional variable region that 
retains the specificity and affinity of the original antibody. 

30 For in vivo use, particularly for injection into humans, it is desirable to 

decrease the antigenicity of the antibody. An inmiune response of a recipient against 
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the blocking agent will potentially decrease the period of time that the therapy is 
effective. Methods ofhumanizing antibodies are known in the art The humanized 
antibody may be the product of an animal having transgenic human immunoglobulin 
constant region genes (see for example International Patent Applications WO 
5 90/1 0077 and WO 90/04036). Alternatively, the antibody of interest may be 

engineered by recombinant DNA techniques to substitute the CHI, CH2, CH3, hinge 
domains, and/or the framework domain with the corresponding human sequence (see 
WO 92/02190). 

The use of Ig cDNA for construction of chimeric immunoglobulin genes is 
10 known in the art (Liu e( al (1987) P.N.A.S. 84:3439 and (1987) J. Immunol. 

139:3521). mRNA is isolated from a hybridoma or other cell producing the antibody 
and used to produce cDNA. ThecDNAof interest may be amplified by the 
polymerase chain reaction using specific primers (U.S. Patent nos. 4,683,195 and 
4,683,202). Alternatively, a library is made and screened to isolate the sequence of 
1 5 interest. The DNA sequence encoding the variable region of the antibody is then fiised 
to human constant region sequences. The sequences of human constant regions genes 
may be found in Kabat et al (1991) Sequences of Proteins of Immunological Interest 
N.I.H. publication no. 91-3242. Human C region genes are readily available from 
known clones. The choice of isotype will be guided by the desired effector fimctions, 
20 such as complement fixation, or activity in antibody-dependent cellular cytotoxicity. 
Preferred isotypes are IgGl, IgG3 and IgG4. Either of the human light chain constant 
regions, kappa or lambda, may be used. The chimeric, humanized antibody is then 
expressed by conventional methods. 

Antibody fi:agments, such as Fv, F(ab*)2 and Fab may be prepared by cleavage 
of the intact protein, e,g. by protease or chemical cleavage. Alternatively, a truncated 
gene is designed. For example, a chimeric gene encoding a portion of the F(ab')2 
fi^gment would include DNA sequences encoding the CHI domain and hinge region 
of the H chain, followed by a translational stop codon to yield the truncated molecule. 

Consensus sequences of H and L J regions may be used to design 
oligonucleotides for use as primers to introduce usefiil restriction sites into the J region 
for subsequent linkage of V region segments to human C region segments. C region 
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cDNA can be modified by site directed mutagenesis to place a restriction site at the 
analogous position in the human sequence. 

-Expression vectors include plasmids, retroviruses, YACs, EBV derived 
episomes, and the like. A convenient vector is one that encodes a functionally 
5 complete human CH or CL immunoglobulin sequence, with appropriate restriction 
sites engineered so that any VH or VL sequence can be easily inserted and expressed. 
In such vectors, splicing usually occurs betv^reen the splice donor site in the inserted J 
region and the splice acceptor site preceding the human C region, and also at the splice 
regions that occur within the human CH exons. Polyadenylation and transcription 

1 0 termination occur at native chromosomal sites downstream of the coding regions. The 
resulting chimeric antibody may be joined to any strong promoter, including retroviral 
LTRs, e.g. SV-40 early promoter, (Okayama et al. (1983) Mol. Cell. Bio. 3:280), Rous 
sarcoma virus LTR (Gorman et al (1982) P.N.A.S. 79:6777), and moloney murine 
leukemia virus LTR (Grosschedl et al (1985) CeU 41:885); native Ig promoters, etc, 

15 In yet other embodiments of the invention, the active agent is an agent that 

modulates, and generally decreases or down regulates, the expression of ACAT-2 in 
the host. Antisense molecules can be used to down-regulate expression of ACAT-2 in 
cells. The anti-sense reagent may be antisense oligonucleotides (ODN), particularly 

synthetic ODN having chemical modifications from native nucleic acids, or nucleic 

\ ^ _ _ ... 

20 acid constructs that express such anti-sense molecules as RNA. The antisense 

- . - . . . _ > 

sequence is complementary to the mRNA of the targeted gene, and inhibits expression 

of the targeted gene products. Antisense molecules mhibit gene expression through 

various mechanisms, e.g. by reducing the amount of mRNA available for translation, 

through activation of RNAse H, or steric hindrance. One or a combination of 

25 antisense molecules may be administered, where a combination may comprise 
multiple different sequences. 

Antisense molecules may be produced by expression of all or a part of the 
target gene sequence m an appropriate vector, where the transcriptional initiation is 
oriented such that an antisense strand is produced as an RNA molecule. Alternatively, 

30 the antisense molecule is a synthetic oligonucleotide. Antisense oligonucleotides will 
generally be at least about 7, usually at least about 12, more usually at least about 20 
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nucleotides in length, and not more than about 500, usually not more than about 50, 
more usually not more than about 35 nucleotides in length, where the length is 
governed by efficiency of inhibition, specificity, including absence of cross-reactivity, 
and the like. It has been found that short oligonucleotides, of fix)m 7 to 8 bases in 
5 length, can be strong and selective inhibitors of gene expression (see Wagner et al 
{1996X Nature BiotechnoL 14:840-844). 

A specific region or regions of the endogenous sense strand mRNA sequence is 
chosen to be complemented by the antisense sequence. Selection of a specific 
sequence for the oligonucleotide may use an empirical method, where several 

10 candidate sequences are assayed for inhibition of expression of the target gene in an in 
vitro or animal model. A combination of sequences may also be used, where several 
regions of the mRNA sequence are selected for antisense complementation. 

Antisense oligonucleotides may be chemically synthesized by methods known 
in the art (see Wagner et al, (1 993), supra, and Milligan et aL supra.) Preferred 

1 5 oligonucleotides are chemically modified from the native phosphodiester structiu^, in 
order to increase their intracellular stability and binding affinity. A nimiber of such 
modifications have been described in the literature, which alter the chemistry of the 
backbone, sugars or heterocyclic bases. 

Among useful changes in the backbone chemistry are phosphorothioates; 

20 phosphorodithioates, where both of the non-bridging oxygens are substituted with 
sulfur, phosphoroamidites; alkyl phosphotriesters and boranophosphates. Achiral 
phosphate derivatives include 3'-0'-5'-S-phosphorothioate, 3'-S-5'-0- 
phosphorothioate, 3'-CH2-5'-0-phosphonate and 3'-NH-5*-0-phosphoroamidate. 
Peptide nucleic acids replace the entire ribose phosphodiester backbone with a peptide 

25 linkage. Sugar modifications are also used to enhance stability and affinity. Thea- 
anomer of deoxyribose may be used, where the base is inverted with respect to the 
natural p-anomer. The 2'-OH of the ribose sugar may be altered to form 2'^0-methyl 
or 2'-0-allyl sugars, which provides resistance to degradation without comprising 
affinity. Modification of the heterocyclic bases must maintain proper base pairing. 

30 Some useful substitutions include deoxyuridine for deoxythymidine; 5-mediyl-2'- 
deoxycytidine and 5-bromo-2'-deoxycytidine for deoxycytidine. 5- propynyl-2'- 
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deoxyuridine and 5.propynyl-2'-deoxycytidine have been shown to increase affinity 
and biological activity when substituted for deoxythymidine and deoxycytidine, 
respectively. 

As an alternative to anti-sense inhibitors, catalytic nucleic acid compounds, 
5 e.g, ribozymes, anti-sense conjugates, etc. may be used to inhibit gene expression. 
CRibozymes may be synthesized in vitro and administered to the patient, or may be 
encoded on an expression vector, fix)m wrhich the ribozyme is synthesized in the 
targeted cell (for example, see International patent application WO 9523225, and 
Beigehnane/a/. (1995X NucL Acids Res. 23:4434-42). Examples of oligonucleotides 
10 with catalytic activity are described in WO 9506764. Conjugates of anti-sense ODN 
with a metal complex, e.g. terpyridylCu(II), capable of mediating mRNA hydrolysis 
are described in Bashkin et ai (1995), Appl. Biochem. Biotechnol. 54:43-56. 

Of particular interest in many embodiments are agents that selectively 
modulate ACAT-2 activity, i.e. agents that modulate the activity of ACAT-2 more 
1 5 than the activity of ACAT-1 . In many embodiments, of mterest are agents that 

modulate ACAT-2 activity vwth substantially no effect, including no effect, on ACAT- 
1 activity. Of particularly interest in many embodiments are agents that modulate by at 
least reducing, if not substantially inhibiting, ACAT-2 activity. 

As mentioned above, an effective amount of the active agent is administered to 
20 the host, where "effective amount" means a dosage sufficient to produce a desired 

result, where tiie desired result in the desired modulation, e.g. enhancement, reduction, 
of ACAT-2 activity. 

In the subject methods, tiie active agent(s) may be administered to tiie host 
using any convenient means capable of resulting in the desired inhibition of ACAT-2 
25 activity. Thus, the agent can be mcorporated into a variety of formulations for 

therapeutic administration. More particularly, the agents of the present invention can 
be formulated mto pharmaceutical compositions by combination witii appropriate, 
pharmaceutically acceptable carriers or diluents, and may be fonnulated into 
preparations in solid, semi-solid, liquid or gaseous forms, such as tablets, capsules, 
30 powders, granules, ointments, solutions, suppositories, injections, inhalants and 
aerosols. 
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As such, administration of the agents can be achieved in various ways, 
including oral, buccal, rectal, parenteral, intraperitoneal, intradermal, transdermal, 
intracheal,etc., administration. 

In pharmaceutical dosage forms, the agents may be administered in the form of 
5 their pharmaceutically acceptable salts, or they may also be used alone or in 

appropriate association, as well as in combination, with other pharmaceutically active 
compoimds. The following methods and excipients are merely exemplary and arc in no 
way limiting. 

For oral preparations, the agents can be used alone or in combination with 
10 appropriate additives to make tablets, powders, granules or capsules, for example, with 
conventional additives, such as lactose, mannitol, com starch or potato starch; with 
binders, such as crystalline cellulose, cellulose derivatives, acacia, com starch or 
gelatins; with disintegrators, such as com starch, potato starch or sodium 
carboxymethylcellulose; with lubricants, such as talc or magnesium stearate; and if 
1 5 desired, with diluents, buffering agents, moistening agents, preservatives and flavoring 
^ents. 

The agents can be formulated into preparations for injection by dissolving, 
suspending or emulsifying them in an aqueous or nonaqueous solvent, such as 
vegetable or other similar oils, synthetic aliphatic acid glycerides, esters of higher 
20 aliphatic acids or propylene glycol; and if desired, with conventional additives such as 
solubilizers, isotonic agents, suspending agents, emulsifying agents, stabilizers and 
preservatives. 

The agents can be utilized in aerosol formulation to be administered via 
inhalation. The compounds of the present invention can be formulated into pressurized 
25 acceptable propellants such as dichlorodifluoromethane, propane, nitrogen and the 
like. 

Furthermore, the agents can be made into suppositories by mixing with a 
variety of bases such as emulsifying bases or water-soluble bases. The compounds of 
the present invention can be administered rectally via a suppository. The suppository 
30 can include vehicles such as cocoa butter, carbowaxes and polyethylene glycols, which 
melt at body temperature, yet are solidified at room temperature. 
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Unit dosage forms for oral or rectal administration such as syrups, elixirs, and 
suspensions may be provided wherein each dosage unit, for example, teaspoonful, 
tablespoonful, tablet or suppository, contains a predetermined amount of the 
composition containing one or more inhibitors. Similarly, unit dosage forms for 
5 injection or intravenous administration may comprise the inhibitor(s) in a composition 
as a solution in sterile water, normal saline or another pharmaceutically acceptable 
carrier. 

The term ^hmit dosage form," as used herein, refers to physically discrete units 
suitable as unitary dosages for human and animal subjects, each unit containing a 

1 0 predetermined quantity of compounds of the present invention calculated in an amoxmt 
sufficient to produce the desired effect in association with a pharmaceutically 
acceptable diluent, carrier or vehicle. The specifications for the novel unit dosage 
forms of the present invention depend on the particular compound employed and the 
effect to be achieved, and the pharmacodynamics associated with each compound in 

15 the host. 

The pharmaceutically acceptable excipients, such as vehicles, adjuvants, 
carriers or diluents, are readily available to the public. Moreover, pharmaceutically 
acceptable auxiliary substances, such as pH adjusting and buffering agents, tonicity 
adjusting agents, stabilizers, wetting agents and the Uke, are readily available to the 
20 public. 

Where die agent is a polypeptide, polynucleotide, analog or mimetic thereof, 
e.g. antisense composition, it may be introduced into tissues or host cells by any 
number of routes, including viral infection, microinjection, or fusion of vesicles. Jet 
injection may also be used for mtramuscular admmistration, as described by Furth 
et at, (1992), Anal Biochem 205:365-368. The DNA may be coated onto gold 
microparticles, and delivered intradermally by a particle bombardment device, or 
"gene gun" as described in the literature (see, for example, Tang et al (1992), Nature 
356:152-154), where gold microprojectiles are coated with \h&ACAT-2 DNA, then 
bombarded into skin cells. 

Those of skill in the art will readily appreciate that dose levels can vary as a 
function of the specific compound, the severity of the symptoms and the susceptibility 
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of the subject to side effects. Preferred dosages for a given compound are readily 
determinable by those of skill in the art by a variety of means. 

The subject methods find use in the treatment of a variety of different disease 
conditions involving ACAT-2 activity, including both insufiBcient or hypo-ACAT-2 
5 activity and hyper-ACAT-2 activity. Of particular interest is the use of the subject 
invention to treat patients suffering from disease conditions associated with hyper- 
ACAT-2 activity, such as disease conditions associated with the presence of elevated 
cholesterol ester levels, e.g. hypercholesterolemia or hyperlipidemia, includmg 
hypertriglyceridemia. In other words, of interest is the use of the subject invention to 

1 0 treat patients suffereing from a disease condition where it is desirable to reduced 

ACAT-2 activity. In many embodiments, the disease conditions will be those in which 
it is desired to selectively inhibit ACAT-2 activity and not ACAT-1 activity. Other 
disease conditions include atherosclerosis. The subject compositions may also be used 
to modulate the immune response in a host, e.g. the immune response of macrophages, 

15 \^ere conditions in which such modulation is desirable include immune related 
diseases, e.g. rheumatoid arthritis, multiple sclerosis, as well as infectious diseases, 
e.g. toxoplasmosis. 

By treatment is meant at least an amelioration of the symptoms associated with 
the pathological condition afflicting the host, where amelioration is used in a broad 

20 sense to refer to at least a reduction in the magnitude of a parameter, e.g. symptom, 
associated with the pathological condition being treated, such as hypercholesterolemia, 
etc. As such, treatment also includes situations where the pathological condition, or at 
least symptoms associated therewith, are completely inhibited, e.g. prevented fiom 
happening, or stopped, e.g. terminated, such that the host no longer suffers from the 

25 pathological condition, or at least the symptoms that characterize the pathological 
condition. 

A variety of hosts are treatable according to the subject methods. Generally 
such hosts are "manunals" or "mammalian," where these terms are used broadly to 
describe organisms which are vwthin the class mammalia, including the orders 
30 carnivore (e.g. , dogs and cats), rodentia (e.g. , mice, guinea pigs, and rats), and 

primates (e.g., humans, chimpanzees, and monkeys). In many embodiments, the hosts 
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will be humans. 

Kits with unit doses of the active agent, usually in oral or injectable doses, are 
provided. In such kits, in addition to the containers containing the unit doses will be an 
informational package insert describing the use and attendant benefits of the drugs in 
5 treating pathological condition of interest Preferred compounds and unit doses are 
those described herein above. 

The follovwng examples are offered primarily for purposes of illustration. It 
will be readily apparent to those skilled in the art that the formulations, dosages, 
1 0 methods of administration, and other parameters of this invention may be further 

modified or substituted in various ways without departing from the spirit and scope of 
the invention. 

EXPERIMENTAL 

15 

1. Cloning of ACAT-2 cDNA 

An EST (accession #R10292) was identified by BLAST searches 
(http://www.ncbi.nhn.nih.gov/cgi.bin/BLAST/nph-newblast) of the human EST 
database with sequences from ACAT-1. Degenerate primers derived from the EST 

20 sequences were subsequently used to amplify a partial ACAT-2 cDNA from mouse 
liver cDNA. Sequences for the 5' and 3' ends of the ACAT-2 cDNA were determined 
by 5' and 3' rapid amplification of cDNA ends (RACE™) methodology using a mouse 
spleen Marathon Ready™ cDNA library (Clontech, Palo Alto, CA). ACAT-2 
sequences have been deposited in GenBank (accession number AF078751) 

25 The mouse ACAT-2 cDNA is predicted to encode a 525-amino acid protein, 

see SEQ ID NO:03, that is 44% identical to mouse ACAT-1 as reported in Uehnen et 
al., J. Biol. Chem. (1995) 270:26192-26201, where sequence identity was determined 
using the GCG algorithm and standard settings. The ACAT-2 protein has multiple 
hydrophobic domains, and its hydrophobicity plot is strikingly similar to that for 

30 ACAT- 1 . The analysis of mouse ACAT-2 sequences with a transmembrane prediction 
program (http://ubec3.unilxh/software/TMPRED_form.html) indicated that ACAT-2 
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may have eight transmembrane-spanning regions (amino acid residues 125-143, 154- 
181, 192-220, 265-285, 304-326, 351-369, 439^59, and 475-496). Using the same 
program, mouse ACAT-1 was predicted to have seven or eight transmembrane 
regions. The alignment of the mouse ACAT-2 protein sequence with those of other 
5 ACAT gene family members revealed many conserved residues, especially in the C- 
termini of these proteins. Each family member has a potential tyrosine 
phosphorylation site and a conserved serine residue (amino acid 248 of ACAT-2) that 
has been implicated in the catalytic activity of hamster ACAT-1. 

10 II. Generation of Recombinant Baculoviruses 

Mouse ACAT-2 and human ACAT-1 baculovirus transfer vectors were constructed by 
inserting ACAT-2 coding sequences (amplified from mouse liver cDNA) or ACAT-1 
coding sequences (amplified from HepG2 cell cDNA) downstream of the polyhedrin 
promoter of the pVL1392 vector (PharMingen, San Diego, CA). Vectors were 

1 5 cotransfected v«th viral baculogold DN A into Sf9 insect cells, according to the 
manufacture's protocol (PharMingen Kit), to generate recombinant baculoviruses. 
Viruses were plaque-purified and high titers of recombinant baculoviruses were 
generated by two rounds of amplification in Sf9 cells. Cells were cultured at 27 °C in 
Grace's mediimi (Life Technologies, Gaithersburg, MD), supplemented with 10% 

20 fetal bovine serum. 

III. Expression Studies 

For protein expression studies, H5 insect cells were cultured in optimized 
serum-free Express-Five medium (Life Technologies), supplemented with 20 mM 

25 L-glutamine. Cells were plated on day 0 at 8.5 x 10^ cells per 100-mm dish and 
infected on day 1 with high-titer baculovirus stocks at an optimal multiplicity of 
infection (MOl) that was determined empirically. On day 3 (48 h after infection), cells 
were collected by lowrspeed centrifiigation and washed twice with phosphate-buffered 
saline. Cell pellets were resuspended in 0.1 M sucrose, 0.05 M Kcl, 0.04 M KH2PO4, 

30 0.03 M EDTA (pH 7.2) and homogenized by 10 passages through a 27-G needle. Cell 
homogenates were fractionated by centrifiigation at 100,000 x g for 1 h at 4°C. The 
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cell membrane fraction (pellet) was re-suspended in the isolation buffer, and aliquots 
were frozen (-80**C) for activity assays. Protein concentrations were determined using 
a DC Protein Assay kit (Biorad, Chicago, IL). 

5 IV. Metabolic Labeling 

For metabolic labeling, H5 insect cells as prepared above were plated on day 0 
at 2.9 X 10^ cells per 60-mm dish and infected at day 1 with high-titer baculoviruses at 
empirically determined MOIs. On day 3 (48 h after infection), cells were washed and 
incubated in methionine-free and cysteine-fiw medium (SF900 U, Life Technologies) 

10 for 1 h. The medium was then replaced by 3 ml of methionine-fi^e and cysteine-free 
medium containing 715 ^Ci of PS]methionine and PS]cysteine (Amersham Pro- 
Mix, Amersham, Arlington Heights, IL) and the cells were incubated for 2 h. Cells 
were washed twice with phosphate-buffered saline, collected by low-speed 
centrifiigation, resuspended in 500 ^il of lysis buffer [50 mM Tris-HCl, 150 mM 

15 NaCl, 5 mM EDTA, 1 mM phenyhnethylsulfonyl fluoride (PMSF), 1% Triton X- 
100 (pH 7.4)], and sonicated. Cell lysate samples (100 ^g protein) were analyzed by 
10% SDS-PAGE. Gels were fixed in 30% acetic acid, washed in 25% ethanol and 
8% acetic acid, dried, and exposed to x-ray film. 

Metabolic labeling of cellular proteins in msect cells 48 h after infection 

20 demonstrated the expression of a ---46-kDa protein. The apparent molecular mass of 
ACAT-2 on SDS-polyacrylamide gels was smaller than that predicted fi-om the 
ammo acid sequence (60.7 kDa), a finding sunilar to that reported for ACAT-1. See 
Chang et al., J. Biol. Chem. (1993) 268: 20747-20755. 

25 V. ACAT Activity Assays 

The rate of incorporation of [^'^CJoleoyl-CoA (Amersham) into cholesterol 

esters was assayed essentially as described by Erickson et al. J. Lipid Res. 

(1980)21:930-941. Reactions were performed at 37 °C for 5 min with 100 fxg of cell 

membrane protein, 25 ^iM oleoyl CoA (specific activity = 18 fiCi/^imol), and 
30 exogenous cholesterol (20 nmol) added as phosphatidyl choline (PC):cholesteix)l (4: 1 

molar ratio) liposomes. 
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Cell membrane preparations from insect cells infected with the ACAT-2 
baculovirus were characterized by high levels of cholesterol esterification activity. 
The amomit of ACAT activity present in ACAT-2-infected cells was consistendy 
higher dian that in cells infected with virus contaming ACAT-1. However, metabolic 
5 labeling studies indicated that considerably more ACAT-2 protein was expressed 
than ACAT-1. Membrane cholesterol esterification activity was dependent upon the 
amount of ACAT-2 protein expressed, as demonstrated by a time course of ACAT-2 
virus infection 

1 0 VI. Determination of Fatty Acy I CoA Specificity 

ACAT activity was assayed essentially as described in Smith et al., J. Lipid 
Res. (1995) 36:641-652, except that unlabeled fatty acyl CoAs and [>^C]cholesterol 
(51.3 mCi/mmol, NEN EhiPont, Boston, MA) provided as cholesterohegg PC 
liposomes (molar ratio = 0.2) were used. Parallel assays were performed with 

15 [*'*C]oleoyl CoA (57 mCi/mmoI, Amersham) and unlabeled cholesterol provided as 
PC liposomes (molar ratio = 0.2). The relative competition of fatty acyl CoAs for 
cholesterol esterification was assessed using [''*C]oleoyl CoA diluted to -20,000 
dpm/nmol vwth unlabeled fatty acyl CoAs (-1 :6, molermole dilution) and unlabeled 
cholesteroi:PC liposomes (molar ratio = 0.7). The abilities of [14C]oleoyl CoA and 

20 [''^Clpalmitoyl CoA (55.0 mCi/mmol, Amersham) to catalyze cholesterol 

esterification were assessed directly. Fatty acyl CoAs, egg PC, and cholesterol were 
from Sigma (St. Louis, MO). Briefly, membrane proteins (25 ^g) were mcubated in 
0.25 M sucrose, 1 mM EDTA, 100 mM Tris-HCl (pH 7.5) containing 400 ^g bovine 
serum albumin and cholesteroirPC liposomes (final volume = 0.2 ml). The reaction 

25 was started by the addition of 5 mnol fatty acyl CoA and carried out for 2 min at 37 
^C. The reaction was terminated by the addition of CHCI3 methanol (2:1, v:v), and the 
products analyzed as described Erickson, supra. All assays were in the linear range 
with respect to assay time and protein concentration. 

The ability to express ACAT-1 or ACAT-2 independently in insect cells 

30 enabled us to examine several biochemical properties of the enzymes. The 

esterification of cholesterol by both ACAT-1 and ACAT-2 was dependent on the 
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presence of a fatty acyl CoA substrate; in its absence, cholesterol esterification 
activity greater than background was not observed (data not shown). Of the fatty 
acyl CoAs tested, ACAT-1 showed a slight preference for oleoyl, while that for 
ACAT-2 was pahnitoyl ^ linoleoyl ^ oleoyl ^ arachidonyl. The ability of unlabeled 
5 fatty acyl CoAs to compete with [i^CJoleoyl CoA for incorporation into cholesterol 
esters by ACAT-1 or ACAT-2 was also exaniined. For ACAT-1. palmitoyl, 
linoleoyl, and to a lesser extent, arachidonyl competed with oleoyl for incorporation 
mto cholesterol esters. For ACAT-2, both linoleoyl and pahnitoyl competed with 
oleoyl for incorporation into cholesterol esters, but arachidonyl did not. When 
10 cholesterol esterification was measured using [^^cjoieoyl CoA or [^^^Clpahnitoyl 
CoA dkectly, both ACAT-1 and ACAT-2 exhibited slightly higher activity with 
oleoyl CoA. 

Vn. Determination of Acyl Acceptor Substrate Specificity 

15 The AC AT assay described above was used, except that acceptors other than 

cholesterol were added to the incubations as acceptorrPC liposomes (molar ratio = 
-0.2) or, in the case of ethanol, added directly. The acceptors included ethanol, retinol, 
tocopherol, p-sitosterol, lanosterol, vitamins Dl and D2, diacylglycerol, and a 
number of oxysterols (25-hydroxy-, 27-hydroxy-, 7a-hydroxy-, 7p-hydroxy, 7-keto- 

20 . 24(S)-hydroxy-, 24(R)-hydroxy-, 24(S),25-epoxy-, and 24(R),25- 

epoxycholesterols). The sterols were assessed at three different concentrations (4, 8, 
and 16 Mg) at a constant sterohPC molar ratio (-0.2). Acceptors were from Sigma 
or Steraloids (WUton, NH). 24(S)-hydroxy- and 24(R)-hydroxychoIesterol (Prasad et 
al., J. Steroid Biochem (1984) 21: 733-736, Saucier et all, J. Biol. Chem. (1989) 

25 264: 6863-6869), 24(S),25-epoxy-, and 24(R),25-epoxycholesterols were prepared 
as described (Saucier, supra; Nelson et al., J. Biol. Chem. (1981) 256: 1067-1068; 
Nelson et al., J. Am. Chem. Soc. (1981) 103:6974-6975). The reaction products 
were extracted and separated by thin-layer chromatography as described m Erickson, 
supra, and the plates exposed to x-ray film for 4 days to visualize the radioactive 

30 spots. Fatty acyl ester standards were used to identify the migration positions of the 
products. The spots were cut out and counted in a liquid scintillation counter as 
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described in Erickson, supra. 

Esterification activity was not detected for either ACAT-1 or ACAT-2 with 
ethanol, retinol, tocopherol, p-sitosterol, lanosteroi, vitamins Dl and D2, or 
dlacylglyceroi as acceptors. However, in addition to esterifying cholesterol, both 
5 ACAT-1 and ACAT-2 esterified the 3p-hydroxyl group of a variety of oxysterols. 
All oxysterols analyzed exhibited greater esterification capability than cholesterol 
itself, with the exception of 7p-hydroxycholesteroI for ACAT-1 and 25- 
hydroxycholesterol for ACAT-2. For ACAT-1, the highest levels of incorporation 
into sterol esters were for 24(R)-hydroxychoIesteroI, 7a-hydroxycholesterol, and 27- 

10 hydroxycholesterol. For ACAT-2, 24(R)-hydroxycholesterol, 27- 

hydroxycholesterol, and 7P-hydroxycholesterol were esterified at the highest rates. 

The effects of added oxysterols on membrane cholesterol esterification was 
also examined, using the small but significant mass of endogenous membrane 
cholesterol as a substrate. For ACAT-1 , cholesterol esterification was increased by 27- 

1 5 hydroxycholesterol and 24(S);25-epoxycholesterol and was decreased substantially by 
7a-hydroxycholesterol, 25-hydroxycholesterol, and 24(S)-hydroxycholesterol. For 
ACAT-2, none of the oxysterols increased cholesterol esterification; instead, they 
either had little effect or decreased it by 40-60% . 

20 Vm. Inhibitor Studies 

Cholesterol esterification activity was assayed as described above [using 
[*4C]oleoyl CoA and cholesterol:PC liposomes (molar ratio = 0.2)] after a 5-min 
preincubation of the membranes at 37 ^'C with 1 mM PMSF, 0.1 mM para- 
hydroxymercuribenzoate (PHMB), or 0.1 mM progesterone. Inhibitors were from 
25 Sigma. 

The specific ACAT inhibitors PD 132301-2 [N-[2,6-bis(l-methylethyl)- 
phenyl]-N'-[[l-[4-(dimethyl-amino) phenyl]cyclopentyl]methyl]urea, hydrochloride], 
CI-976 [2,2-dimethyl-A/^2,4,6-trimethoxyphenyl)dodecanamide] and CI- 101 1 
[[(2,4,6-triisopropyl-phenyl)-acetyl]-sulfamic acid 2,6-diisopropyl-pher] were 
30 provided by Parke-Davis Pharmaceuticals (Ann Arbor, MI). Stock solutions (20 mM) 
of the inhibitors were prepared in dimethyl sulfoxide (DMSO) and stored at -20 ^'C. 
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Membrane proteins (100 for ACAT-1 and 50 for ACAT-2) were pre-incubated 
with cholesterolrPC liposomes and different inhibitors (final DMSO concentration = 
2.5%) for 30 min on ice. After equilibrating for 5 min at 37 °C, the ration was 
started by adding [''^CJoleoyl CoA. Assays were performed otherwise essentially as 
5 described above. 

The effects of nonspecific (PMSF, PHMB, and progesterone) and specific 
inhibitors of ACAT were examined next. PMSF, which inhibits enzymes utilizing 
serine in their active site, inhibited both ACAT-1 and ACAT-2 by 20-40%. PHMB, 
which acts on enzymes that require sulfhydryl groups for activity, inhibited ACAT-1 

10 to a greater extent than ACAT-2, and progesterone, a compound known to mhibit 
ACAT, inhibited both enzymes equally. Membranes from ACAT-1 and ACAT-2 
virus-infected cells were also assayed in the presence of ACAT-specific inhibitors 
PD 132301-2, CI-976. and CI-1011. PD 132301-2 inhibited both ACAT-1 and 
ACAT-2 to similar degrees. In contrast, CI-976 exhibited some selectivity for the 

15 expressed enzymes. ACAT-1 activity was suppressed by CI-976 with an apparent 
ICsoof ^5 ^M, whereas ACAT-2 activity was more sensitive with an apparent IC50 
of < 1 ^M. A significant difference in selectivity was also observed for CI-1011, 
which also inhibited ACAT-2 dC^ -2.5 fiM) more than ACAT-1 QC^ > 10 
mM). 

20 

IX. ACAT-2 Expression in Mouse and Human Tissues 

For RT-PCR analysis, total UNA was prepared from firesh mouse tissues, 
human hepatoma cells (HepG2), human small intestine, or human fibroblasts using 
Trizol (Life Technologies), and cDNA was synthesized using random hexamer 
25 primers and Superscript reverse transcriptase (Life Technologies). For mouse ACAT- 
2, a 531 -bp fragment was amplified using sense (5' 

ACTGTGCCTGGGATCTTTTGTGTC 3')(SEQ ID NO:05) and antisense (5' 
CTCGCGGGGTGGCCATGCTGGGAGTG 3') (SEQ ID NO:06) primers. For human 
ACAT-2, a 742-bp fi:agment was amplified using sense (5' 
30 TCTTCTATCCCGTCATGCTG 3') (SEQ ID NO:07) and antisense (5' 

GGTCCACATCAGCACGTTCC 3') (SEQ ID NO:08) primers. Amplification of 
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glyceraldehyde-3-phosphale dehydrogenase (G3PDH) cDNA (an internal control) was 
as described in Farese et al., J. Lipid Res. (1996) 37:347-360. 

For northern blots, total RNA was extracted from tissues using Trizol (Life 
Technologies) and lO-jig aliquots were analyzed. Blots were hybridized with a32p- 
5 labeled L5-kb DNA fragment containing the mouse ACAT-2 coding sequences and 
re-probed with codmg sequences for G3PDH as an internal standard. 

ACAT-2 mRNA was detected in a variety of mouse tissues by RT-PCR with 
the highest levels of expression in the liver, small intestine, and embryo liver. 
Northern analysis of mouse tissues demonstrated a -2-kb ACAT-2 mRNA in the 
10 liver and small intestine. To determine if ACAT-2 was also expressed in the liver 
and intestine in humans, RT-PCR experiments on cDNA from HepG2 cells (a human 
hepatoma cell line), human intestine, and human fibroblasts were performed. ACAT- 
2 mRNA was detected in HepG2 cells and small intestine, but not in fibroblasts. In a 
separate experiment, we also detected ACAT-2 mRNA in cDNA from human liver. 

15 

X. Mapping of Mouse Acact-2 by Linkage Analysis 

Linkage analysis was performed using a panel of 67 progeny derived fix)m a 
((C57BL/6J X Mm spretus)Fl X C57BL/6J) interspecific backcross as described in 
Warden et aL, Genomics (993) 18:295-307. This backcross panel has been typed for 

20 more than 400 loci distributed throughout the genome as described in Welch et al, J. 
Lipid Res. (1996)37: 14%-1421. Briefly, parental strain DNAs were screened for 
restriction fragment-length variants following digestion of genomic DNA with a 
panel of 10 restriction enzymes and hybridization with a fluor^cein-labeled (Gene 
Images random prime labeling module. Amersham), 1.3-kb hmnan AcactI cDNA 

25 Augment. Filters were washed under conditions of high stringency (0. 1 x SSC/0. 1 % 
SDS, 60 "^C, 20 min). Acact2 hybridization products were detected by 
chemiluminescence (Gene Images CDF-Star detection module, Amersham). Linkage 
to previously typed chromosomal markers was detected using Map Manager v2.6.5, 
and loci were ordered by mimmizing the number of recombination events between 

30 Acact2 and the markers as described in Manly, Manun. Genome (1993) 4:303-313. 
The data have been deposited in the Mouse Genome Database under accession 
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number MGD-J:45730 (http://www.iiifoinatics.jax.org). 

The mouse ACAT-2 gene (Acaal) was localized to mouse chromosome 15 
by linkage analysis from an interspecific backcross. The hybridization of fiamHI- 
digested DNA of the parental strains with the Acaa2 cDNA probe resulted in the 
5 detection of single fragments in DNA from each {C57BL/6J = 10 kb and M, spretus 
= 8.8 kb) and both fragments in DNA from the Fl progeny. The segregation pattern 
of the Af. spretus allele among the backcrossed mice revealed linkage to markers on 
chromosome 15; Imkage was not detected with markers on any other chromosome. 
No recombination was observed between i4cacr2 and the microsatellite marker 
10 D15Mitl6 (0/65 mice). The following gene order was obtained (distance ± SE, in 
centiMorgans): centromere-D/JM//5i-(3.6 ± 2.5 cM)-/^ara-(9.2 ± 3.6)- 
D15Ucla3, Pou6fH\,5 ± l.S)-Acact2, D15Mitl6: A human EST for Acactl 
(accession #R10292) has been mapped to a homologous region on human 
chromosome 12ql3.3-ql5 (http://www.ncbi.nhn.nih.gov/XREFdb). 

15 

XI. ACAT-2 Knockout Studies 

A. Generation of ACAT-2 Knockout Mice 

To generate ACAT-2 knockout mice, a gene targeting vector was constructed 
20 so that a neo gene would replace the C-terminal sequences of the mouse ACAT-2 
gene. This vector was electroporated into RF-8 embryonic stem cells (strain 
129/SvJae) and targeted clones were identified. One of these clones was used for 
microinjections of mouse blastocysts to generate chimeric offspring. High percentage 
chimeras were bred v^dth C57BL/6 mice to transmit the targeted mutation through the 
25 germline. Mice heterozygous for the ACAT-2 knockout mutation were intercrossed to 
generate homozygotes, which 

were viable and present in the expected Mendelian distribution. Analysis of liver RNA 
by RT-PCR demonstrated loss of the C-terminal sequences of the ACAT-2 mRNA, 
confirming that the targeted mutation disrupted the gene. 

30 

B. Assays 
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1 . Hepatic ACAT activity and hepatic cholesterol content. 

Hepatic ACAT activity was measured in mice fed a chow diet. We found 
-35% residual ACAT activity in mice heterozygous for the mutant allele (n=3), and 
less dian 1% residual activity in homozygous ACAT-2 knockout mice (n=6) compared 
5 with wild-type control mice (n=6). 

Hepatic free cholesterol content was similar in wild-type and ACAT-2- 
deficient mice (1.96 ± 0.03 vs 1.97 ± 0.08 mg/g tissue, p=NS) but hepatic cholesterol 
ester content was significantly reduced in knockout mice(0.57 ± 0.12 vs 0.07 ± 0.004 
mg/g tissue, p<0.06) (n=6 in each group). 

0 

2. Lipoprotein Analysis 

Plasma total cholesterol, plasma ftee cholesterol percentage, and plasma 
triglycerides were measured in mice fed a chow diet No significant differences were 
found between the two groups: 



Plasma total cholesterol: WT 85.3 1 ±. 13.48 

KO 72.75 ±. 21 .22, p=NS, by Mann- Whitney 
Free cholesterol %: WT 26.15 ±. 0.97 

20 KO 26.67 ±.1.19, p=NS by Mann- Whitney 

Plasma Triglycerides: WT 31.79 ±. 2.8 

KO 40.52 ±. 3.23, p=NS by Mann- Whitney 

In addition, the lipoprotein profile by fast performance liquid chromatography (FPLC) 

25 was smular for wild-tj^pe and knockout mice. 

In contrast, a significant difiTerence between wild-type and knockout mice was 
observed when the mice were challenged with a diet rich in cholesterol and cholic acid 
("Paigen" diet). Under this condition, plasma total cholesterol incrt^ed more than 2- 
fold in wild-type mice, but remained at basal level in knockout mice (202.9 ±. 1 1 .6 vs 

30 69.52 ±. 5.4, p<0.06). FPLC analysis revealed that this blunted response to diet- 
induced hypercholesterolemia in knockout mice is due to the absence of VLDL- 
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cholesterol. It is likely that the absence of plasma VLDL cholesterol in knockout mice 
fed the Paigen diet is due to impaired hepatic output of VLDL cholesterol into the 
blood stream (rather than increased clearance of plasma VLDL), but this remains to be 
determined. 

5 

3. Intestinal cholesterol absorption 

Intestinal cholesterol absorption was measured by the dual isotope method in 
mice fed a chow diet. No significant difference was found between wild-type and 
knockout mice (n==6 in each group) in percent cholesterol absorption (22,9 ± 3.5 vs! 

1 0 22.3 ±4.1, p=NS) or fecal neutral sterol excretion (22.3 db 1 .6 vs 20, 1 ± 1 .4 
umol/day/lOOg body weight, p=NS). 

Bile acid pool size was also measured and was found to be larger in wild-type 
than in knockout mice (69.24 ± 4.56 vs 56.69 ± 3.94 umoVlOOg body weight) but this 
experiment will need to be repeated for confirmation. Bile acid pool composition was 

1 5 not significantly different between the two groups. 

Intestinal cholesterol content in these mice was also measured. While the 
intestinal total cholesterol content is comparable between wild type and knockout mice 
(3.72 ± 0.1 1 vs. 4.03 ± .24 mg/g tissue, p=NS), the amount of esterified cholesterol 
20 was significantly higher in wildtype mice compared with knockout (0.75 ±0.06 vs. 
0.12 ± 0.01, p<0.06). 

C. Discussion of Results 

The above results indicate that cholesterol esterification by AC AT-2 

25 could plays a major role in intestinal cholesterol absorption (for example, 
under dietary conditions of high cholesterol intake), and in the synthesis 
of Upoproteins by the intestine (chylomicrons) and the liver (VLDL, which 
are metabolized to LDL). Thus, ACAT-2 is an important determinant of 
plasma cholesterol levels. 

30 As seen in the above results, ACAT-2 knockout mice are viable, fertile, and 

healthy. They have a near complete lack of ACAT activity in the liver, establishing 
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ACAT-2 as the major ACAT in this organ. Additionally, cholesterol ester levels are 
markedly reduced in both the Uver and the intestine. ACAT-2 knockout mice have 
normal plasma cholesterol levels on a low-fat, low-cholesterol diet. However, whereas 
wild-type mice have a marked increase in plasma cholesterol when fed a synthetic diet 
5 rich in fat and cholesterol, the ACAT-2 knockout mice do not This establishes that 
ACAT-2 expression is an important determinant of the plasma cholesterol response to 
dietary intake in mice. Intestinal cholesterol absorption is normal in ACAT-2 knockout 
mice on a low-cholesterol diet. 

The preliminary data bom ACAT-2 knockout mice provide clear rationale that 

1 0 a selective inhibitor of ACAT-2 m humans is a useful strategy to lower plasma 
cholesterol levels. This is the case for fasting cholesterol levels or for lowering the 
response of plasma cholesterol to dietary cholesterol intake. Inhibitors developed to 
date have been targeted against ACAT activity in general and are unlikely to be 
selective (e.g., 

15 see J. Biol. Chem. (1998) 273:26755-26764). 

It is apparent from the above results and discussion that polynucleotides 
encoding novel mammalian ACAT-2 enzymes, as well as the novel polypeptides 
encoded thereby, are provided. The subject invention is important for both research 
20 and therapeutic applications. Using the ACAT-2 probes of the subject invention, the 
role of ACAT-2 and its regulation in a number of physiological processes can be 
studied in vivo. The subject invention also provides for important new ways of treating 
diseases associated with ACAT-2 activity. 

25 All publications and patent applications cited in this specification are herein 

incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. The citation of 
any publication is for its disclosure prior to the filing date and should not be construed 
as an admission that the present invention is not entitled to antedate such publication 

30 by virtue of prior invention. 
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Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understandmg, it is readily apparent 
to those of ordinary skill in the art in light of the teachings of this invention that 
certain changes and modifications may be made thereto without departing from the 
5 spirit or scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1 . - A polynucleotide present in other than its natural environment encoding an 
ACAT-2 polypeptide. 

5 

2. A fragment of a polynucleotide according to Claim 1 . 

3. An ACAT-2 polypeptide present in other than its naturally occurring 
environment 

10 

4. A fragment of a polypeptide according to Claim 4. 

5. An expression cassette comprising a transcriptional initiation region functional 
in an expression host, a polynucleotide having a nucleotide sequence found m the 

15 nucleic acid according to Claim 1 under the transcriptional regulation of said 

transcriptional initiation region, and a transcriptional termination region functional in 
said expression host. 

6. A cell comprising an expression cassette according to Claim 9 as part of an 
20 extrachromosomal element or integrated into the genome of a host cell as a result of 

introduction of said expression cassette into said host cell, or the cellular progeny 
thereof 

A method of producing an ACAT-2 polypeptide, said method comprising: 
growing a cell according to Claim 6, whereby said polypeptide is expressed; 

isolating said polypeptide substantially free of other proteins. 

8. A monoclonal antibody binding specifically to ACAT-2. 

30 

9. A method for mhibiting the activity of ACAT-2, said method comprising: 

-47- 



7. 

25 

and 
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contacting said ACAT-2 with an agent that inhibits the activity of said ACAT- 

2. 



1 0. A method of modulating a symptom in a mammalian host of a disease 
5 condition associated with ACAT-2 activity, said method comprising: 

administering to said host a phannaceutical composition comprising an 
effective amount of an active agent that modulates said ACAT-2 activity in said host. 

1 1 . The method according to Claun 10, wherein said agent inhibits said ACAT-2 
10 activity. 

12. The method according to Claim 1 1 , wherein said agent selectively inhibits said 
ACAT-2 activity. 
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SEQUENCE LISTING 

<110> Cases, Sylvaine 
Farese, Robert 
Novak , Sabine 
Erickson, Sandra 
Allard, Michel 

<120> NOVEL ACYL COA : CHOLESTEROL 
ACYLTRANSFERASE ( ACAT- 2 ) 

<130> 6510-104P 

<150> 60/090,354 
<151> 1998-06-23 

<160> 8 

<170> FastSEQ for Windows Version 3.0 

<210> 1 

<211> 1607 

<212> DNA 

<213> mus musculus 

<400> 1 

ctgtgtgctg tccgctctac actggcacca tgcagccaaa ggtgccccag cttcggagga 
gagaagggct gggagaggag caggagaagg gagcccgtgg aggagaaggg aacgcaagga 
cacacggaac cccagacttg gtgcaatgga ctcgacatat ggaggctgtg aagacncagt 
ttctggagca agcacagaga gagttggcag agctgttgga tcgggcccta tgggaggcta 
tgcaagctta ccccaaacaa gacagacctc ttccctccgc tgccccagat tctacaagca 
agaccccgga gttacgccct ggaaaacgga aagttttcgt cgcccgcaag tcactgatcg 
atgagctaat ggaggtgcaa catttccgaa ccatctacca catgttcata gcgggcctat 
ggttcttgat catcagcacc ctggccatcg acttcattga tgagggcagg ttgatgctgg 
agtttgactt actcctcttc agcttcggac agctgccctt ggcgctgatg acctgggttc 
ccatgttcct gtatacgctc ctagtgccct accagaccct gtggctgtgg gccaggccgc 
gcgctggggg tgcctggatg ctgggggcca gcctgggctg cgttctgctg gctgcccacg 
ctgtggtgct ctgcgtcctg ccggtgcacg tgtcagtgag gcatgagctt ccgcccgcct 
cgcgctgcgt gctggtcttt gagcaggtca gattgctgat gaaaagctac tccttcctga 
gagagactgt gcctgggatc ttttgtgtca gacgaggaaa gggcatcagc cccccaagtt 
tctccagcta cctctacttc ctcttctgcc ctacacttat ctacagagag acatacccca 
ggacacccag catcaggtgg aactatgtgg ccaagaactt tgcccaggtc ctgggctgtt 
tgctctatgc ctgcttcatc ctgggccgcc tctgtgtccc tgtctttgcc aacatgagcc 
gggaaccctt cagcacccgg gctctgctgc tctccatctt gcatgccacg gggccaggca 
tcttcatgct gctcctcatc ttcttcgcct tcctgcactg ctggctcaac gccttcgccg 
agatgctgcg gtttggagac aggatgttct accgggactg gtggaactcg acttccttct 
ccaactacta ccgcacctgg aacgtcgtgg tccatgactg gctgtacagc tatgtgtatc 
aagatgggct gtggctctta ggcaggcggg ctcgcggggt ggccatgctg ggagtgttcc 
tggtgtctgc ggtggttcat gagtatatct tctgcttcgt cctggggttc ttctacccgg 
tcatgctgat gctattcctt gttttcgggg ggctgctgaa tttcaccatg aacgacaggc 
acacaggtcc agcctggaac atcctgatgt ggacctttct cttcatgggc cagggcatcc 
aggtcagcct atactgccag gagtggtatg ctcgtcgaca ctgtcccctg ccccagacaa 
cattctgggg gatggtgaca ccccaatctt ggtcctgcca tacctag 

<210> 2 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1607 
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<211> 1509 

<212> DNA 

<213> homo sapiens 

<400> 2 

atggagccag gcggggcccg tctgcgtctg cagaggacag aagggctggg aggggagcgg 60 

gagcgccaac cctgtggaga tggaaacact gagacgcaca gagccccgga cttggtacaa 120 

tggacccgac acatggaggc tgtgaaggca caattgctgg agcaagcgca gggacaactg 180 

agggagctgc tggatcgggc catgcgggag gctatacaat cctacccatc acaagacaaa 240 

cctctgcccc cacctccccc aggttccttg agcagtgagc tgatggaggt gcagcatttc 300 

cgcaccatct accacatgtt catcgctggc ctgtgtgtct tcatcatcag caccctggcc 360 

atcgacttca ttgatgaggg caggctgctg ctggagtttg acccactgat cttcagcttc 420 

ggacagctgc cattggcgct ggtgacctgg gtgcccatgt ttctgtccac cctgttggcg 480 

ccgtaccagg ccctacggct gtgggccagg ggcacctgga cgcaggcgac gggcctaggc 540 

tgtgcgctgc tagccgccca cgccgtggtg ntntgcgcgc tgccggtcca cgtggccgtg 600 

gagcatcagc tcccgccggc ctcccgttgt gtcctggtct tcgagcaggt taggttcctg 660 

atgaaaagct actccttcct gagagaggct gtgcctggga cccttcgtgc cagacgaggt 720 

gaggggatcc aggcccccag tttctccagc tacctctact tcctcttctg cccaacactc 780 

atctacaggg agacttaccc taggacgccc tatgtcaggt ggaattatgt ggccaagaac 840 

tttgcccagg ccctgggatg tgtgctctat gcctgcttca tcctgggccg cctctgtgtt 900 

cctgtctttg ccaacatgag ccgagacccc ttcagcaccc gtgccctggt gctctctatc 960 

ctgcatgcca cgttgccagg catcttcatg ctgctgctca tcttctttgc cttcctccat 1020 

tgctggctca acgcctttgc cgagatgcta cgatttggag acaggatgtt ctaccgggac 1080 

tggtggaact caacgtcctt ctccaactac taccgcactt ggaacgtggt ggtccatgac 1140 

tggctgtaca gctacgtgta tcaggatggg ctgcggctcc ttggtgcccg ggcccgaggg 1200 

gtagccatgc tgggtgtgtt cctggtctcc gcagtggccc atgagtatat cttctgcttc 1260 

gtcctggggt tcttctatcc cgtcatgctg atactcttcc ttgtcattgg aggaatgttg 1320 

aacttcatga tgcatgacca gcgcaccggc ccggcatgga acgtgctgat gtggaccatg 1380 

ctgtttctag gccagggaat ccaggtcggc ctgtactgcc aggagtggta cgcacggcgg 1440 

cactgcccct taccccaggc aactttctgg gggctggtga cacctcgatc ttggtcctgc 1500 

catacctag 3^50^ 

<210> 3 

<211> 525 

<212> PRT 

<213> imis musculus 



<400> 3 
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Glu Gly Arg Leu Met Leu Glu Phe Asp Leu Leu Leu Phe Ser Phe Gly 
150 155 160 

Gin Leu Pro Leu Ala Leu Met Thr Trp Val Pro Met Phe Leu Tyr Thr 

165 170 175 

Leu Leu Val Pro Tyr Gin Thr Leu Trp Leu Trp Ala Arg Pro Arg Ala 

IBO 185 190 

Gly Gly Ala Trp Met Leu Gly Ala Ser Leu Gly Cys Val Leu Leu Ala 

195 200 205 

Ala His Ala Val Val Leu Cys Val Leu Pro Val His Val Ser Val Arg 

210 215 220 

His Glu Leu Pro Pro Ala Ser Arg Cys Val Leu Val Phe Glu Gin Val 
225 230 235 240 

Arg Leu Leu Met Lys Ser Tyr Ser Phe Leu Arg Glu Thr Val Pro Gly 

245 250 255 

He Phe Cys Val Arg Arg Gly Lys Gly He Ser Pro Pro Ser Phe Ser 

260 265 270 

Ser Tyr Leu Tyr Phe Leu Phe Cys Pro Thr Leu He Tyr Arg Glu Thr 

275 280 285 

Tyr Pro Arg Thr Pro Ser He Arg Trp Asn Tyr Val Ala Lys Asn Phe 

290 295 300 

Ala Gin Val Leu Gly Cys Leu Leu Tyr Ala Cys Phe He Leu Gly Arg 
305 310 315 320 

Leu Cys Val Pro Val Phe Ala Asn Met Ser Arg Glu Pro Phe Ser Thr 

325 330 335 

Arg Ala Leu Leu Leu Ser He Leu His Ala Thr Gly Pro Gly He Phe 

340 345 
Met Leu Leu Leu He Phe Phe Ala Phe Leu His Cys Trp Leu Asn Ala 

355 360 365 

Phe Ala Glu Met Leu TUrg Phe Gly Asp Arg Met Phe Tyr Arg Asp Trp 

370 375 380 

Trp Asn Ser Thr Ser Phe Ser Asn Tyr Tyr Arg Thr Trp Asn Val Val 
385 390 395 400 

Val His Asp Trp Leu Tyr Ser Tyr Val Tyr Gin Asp Gly Leu Trp Leu 

405 410 415 

Leu Gly Arg Arg Ala Arg Gly Val Ala Met Leu Gly Val Phe Leu Val 

420 425 430 

Ser Ala Val Val His Glu Tyr He Phe Cys Phe Val Leu Gly Phe Phe 

435 440 
Tyr Pro Val Met Leu Met Leu Phe Leu Val Phe Gly Gly Leu Leu Asn 

450 455 460 

Phe Thr Met Asn Asp Arg His Thr Gly Pro Ala Trp Asn He Leu Met 
470 475 480 

Trp Thr Phe Leu Phe Met Gly Gin Gly He Gin Val Ser Leu Tyr Cys 

485 490 495 

Gin Glu Trp Tyr Ala Arg Arg His Cys Pro Leu Pro Gin Thr Thr Phe 

500 505 510 

Trp Gly Met Val Thr Pro Gin Ser Trp Ser Cys His Thr 
515 520 525 

<210> 4 

<211> 502 

<212> PRT 

<213> homo sapiens 

<400> 4 

Met Glu Pro Gly Gly Ala Arg Leu Arg Leu Gin Arg Thr Glu Gly Leu 
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1 5 
Gly Gly Glu Arg Glu 
20 

Pro Asp 



His Arg Ala 

as 

Lys Ala Gin 
50 

Asp Arg Ala 
65 

Pro Leu Pro 

Val Gin His 

Val Phe He 
115 

X«eu Leu Leu 

130 
Leu Ala Leu 
145 

Pro Tyr Gin 



Leu Leu 
Met Arg 



Arg Gin Pro 

Leu Val Gin 
40 

Glu Gin Ala 
55 

Glu Ala He 
70 

Pro Pro Gly 



Pro Pro 
85 

Phe Arg Thr He Tyr 
XOO 

He Ser 



Glu Phe 
Val Thr 



Ala Leu 
165 

Thr Gly Leu Gly Cys 
180 

Val His 



Ala Leu Pro 
195 

Arg Cys Val 

210 
Ser Phe Leu 
225 

Glu Gly He 

Cys Pro Thr 

Arg Trp Asn 
275 

Leu Tyr Ala 

290 
Asn Met Ser 
305 

Leu His Ala 

Ala Phe Leu 

Gly Asp Arg 
355 

Asn Tyr Tyr 

370 
Tyr Val Tyr 
385 

Val Ala Met 



Leu Val 

Arg Glu 

Gin Ala 
245 
Leu He 
260 

Tyr Val 

Cys Phe 

Arg Asp 

Thr Leu 
325 
His Cys 
340 

Met Phe 
Arg Thr 
Gin Asp 



Leu Gly 
405 

He Phe Cys Phe Val 
420 

He Gly 



Thr Leu Ala 
120 

Asp Pro Leu 

135 
Trp Val Pro 
150 

Arg Leu Trp 

Ala Leu Leu 

Val Ala Val 
200 

Phe Glu Gin 

215 
Ala Val Pro 
230 

Pro Ser Phe 

Tyr Arg Glu 

Ala Lys Asn 
280 

He Leu Gly 

295 
Pro Phe Ser 
310 

Pro Gly He 

Trp Leu Asn 

Tyr Arg Asp 
360 

Trp Asn Val 

375 
Gly Leu Arg 
390 

Val Phe Leu 



10 
Cys Gly 
25 

Trp Thr 

Gin Gly 

Gin Ser 

Ser Leu 

90 
His Met 
105 

He Asp 

He Phe 

Met Phe 

Ala Arg 
170 
Ala Ala 
185 

Glu His 

Val Arg 

Gly Thr 

Ser Ser 
250 
Thr Tyr 
265 

Phe Ala 



Asp Gly 

Arg His 

Gin Leu 

60 
Tyr Pro 
75 

Ser Ser 

Phe He 

Phe He 

Ser Phe 
140 
Leu Ser 
155 

Gly Thr 

His Ala 

Gin Leu 

Phe Leu 
220 
Leu Arg 
235 

Tyr Leu 



Asn Thr 

30 
Met Glu 
45 

Arg Glu 

Ser Gin 

Glu Leu 

Ala Gly 
110 
Asp Glu 
125 

Gly Gin 
Thr Leu 
Trp Thr 



Val Val 
190 
Pro Pro 
205 

Met Lys 
Ala Arg 
Tyr Phe 



Pro Arg 
Gin Ala 



Arg Leu 

Thr Pixg 

Phe Met 
330 
Ala Phe 
345 

Trp Trp 
Val Val 
Leu Leu 



Phe Leu Val 
435 

Thr Gly Pro 



Ala Trp 



Leu Gly Phe 

Gly Met Leu 
440 

Asn Val Leu 



Val Ser 
410 
Phe Tyr 
425 

Asn Phe 



Cys Val 
300 
Ala Leu 
315 

Leu Leu 

Ala Glu 

Asn Ser 

His Asp 
380 
Gly Ala 
395 

Ala Val 



Pro Val 
Met Met 
Met Trp Thr Met 



Thr Pro 
270 
Leu Gly 
285 

Pro Val 

Val Leu 

Leu He 

Met Leu 
350 
Thr Ser 
365 

Trp Leu 

Arg Ala 

Ala His 

Met Leu 
430 
His Asp 
445 

Leu Phe 



15 

Glu Thr 

Ala Val 

Leu Leu 

Asp Lys 

80 
Met Glu 
95 

Leu Cys 

Gly Arg 

Leu Pro 

Leu Ala 
160 
Gin Ala 
175 

Xaa Cys 

Ala Ser 

Ser Tyr 

Arg Gly 
240 
Leu Phe 
255 

Tyr Val 

Cys Val 

Phe Ala 

Ser He 
320 
Phe Phe 
335 

Arg Phe 

Phe Ser 

Tyr Ser 

Arg Gly 
400 
Glu Tyr 
415 

He Leu 
Gin Arg 
Leu Gly 
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